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To the Noble and Right Honourabie 


Sir ROBERT WALPOLE, 


Take the liberty to fend you 
this \ lew of Sir 1 S A A C N K vv» 
Ton’s philofopby, Avhich, if 
were performed fiiitablc to the 
dignity of the fubjecl, might 
not be a prefent unworthy the 
acceptance of the greatel |- perfon. For hisphi- 
lofophy affords us the only true account of the 

^ opera- 
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operations oF nature, which for fo many -^ges 
had imployed the curiofity of mankind ; though 
no one before him was furniflicd with the 
Ifrcngth of mind nccelfary to go any depth in 
this difficult fcarch. However, \ am encouraged 
to hope, that this attempt, imperfeHas it is, to 
give our countrymen in general fome concep- 
tion of the labours of a perfon, who lliall al- 
ways lx: the boaft of this nation, may be re- 
ceived with indulgence by one, under whofe 
influence thefe kingdoms enjoy fo much hap- 
pinefs. Indeed my admiration at the furpri/ing 
inventions of this great man, carries me to con- 
ceive of him as a perfon, who not only mull 
raife the glory of thecountrv, which gave him 
birth ; but that he has e\'en done honour to hu- 
man nature, by having extended the greatef^ 
and moll noble of our faculties, reafon, to fub- 
jeHs, which, till he attempted them, appeared 
to be wholly bevond the reach of our limi- 
ted capacities. And what can give us -a- 


more 
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morosj)lcaiing- profpecl of our own condition, 
than to icc fo exalted a proof of the Itrength 
of that .faculty, whereon the conduifl of our 
lives, and our happinefs depends ; ourpaflions 
and all our motives to adion being in fuch 
manner guided by our opinions, that where 
thefe are jull-, our whole behaviour will be 
praife-worthy^ But why do f prefume to de- 
tain you, Sir, with fuch rcdei^lions as thefe 
who muft have the fullefl: experience within 
your own mind, of the eBeas of right reafon? 
For to what other fource can beaferibed that 
amiable franknefs and unreferved condefeen/ion 
aniongyour friends,<)r that mafeuline {xafpicuity 
and ftrength of argument, whereby you dravv 
the admiration of the pubhek, while you arc 
engaged hi the mol> important of all caufes 
the liberties of mankind^ ’ 

I humbly crave leave to make the onlyac- 
kngwledgement w ithin my power, for the beneHts 

which 
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which I receive in common with the reft opmy 
countrymen from thefe high talents, by fub- 
Cjribing my felf 


SIR, 



and 


Moft humble ServUnt, 


HEN^^Y Pemberton. 

' it 
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I Drrua up the following papers many years ago at the defire of 
feme friends^ who^ upon my taking care of the late edition of 
I s A AC N E w T o N ' s'Principia^pcrfwadcd me to make them 
publick. I laid hold of that opportunity^ when my thoughts 
were afrejlj employed on this fiibjeUy to reafe what I had formerly 
written. Jnd I now fend it abroad not without feme hopes of an- 
fwering thefe two ends. My firft intentionwasto convey to fuch^asare not 
ttfed to mathematical reafoningjomeidea of the philofophy of a perfon, 
who has acquired an univerfal reputation., and rendered our nation 
famous for thefe fpeculations in the learned world. 'To which pur- 
poje I have avoided ufing terms of art as much as poffible, and ta- 
ken cefre to define flic h as I was obliged to ufe. Though this caution 
was the lefs neceffary at prefent, fimee many of them are become fa- 
miliar words to our language, from the great number of hooks wrote 
in it upon philcfophical fnbjeils , and the courfes of experiments, that 
have of late %years been given by fever al ingenious men. The other 
view I had, was to encourage fucb*young gentlemen as have a turn for 
the mathematical fciences, to purfne thofeftudies the more chcarfully, 
in order to underfiand in our author himfelf the demonfir ations of the 
things I here declare. And to facilitate their progrefs herein, I in- 
tend to proceed fiill farther in the explanation of Sirl^wc N e w- 
T o N V philofoplJy. For as I have received very much plea fare from 
perufing his writigigs, I hope it is no illatidable ambition to endeavour 
the rendering them more eafily underfiood, that greater numbers may 
enjoy tj/fame fatisfaUion. 

will perhaps be expelled, that I jlmld fay fomething particu- 
lar of a perfon, to whom ImuH always acknowledge my felf to be much 
obliged, mat I have to declare on this head will be but Jhort ; for 
' it was in the very lafi years of Sir 1 s a a c’j life, that I had the ho.. 
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n<iur of his acquaintance. *Tbis happened on the following j^afion. 
Mr. Polenu-s, a Trofeffor in theUniver/tty of fromtnnew ex* 

periment of his, thought the common opinion about the force of moving 
* bodies was overturned, and the truth of Mr. LibnitzV notion in that 
matter fully proved. Tfhe contrary of what Polenus had afferted I 
demonfirated in a paper, which *Dr. Mead, who takes all cpponu~ 
nities of obliging bis friends, was pleafed to Jhew Sir Isaac New- 
ton. This was fo well approved of by him, that be did me the ho- 
nour to become a fellow-writer with me, by annexing to what I had 
written, a demonjiration of bis own drawn from another corfidera- 
tion. When I primed my difcotirfe in the philcfophical travfatlions, I 
put what SirliKKc. bad written in a fcbolium by it felf, that I 
might not feem to ufnrp what did not belong to me. ^nt I concealed 
bis name, not being then fufSciently acquainted with him to ask whe- 
ther he was willing I might make ufe of it or not. In a little time 
after he engaged me to take care of the new edition he was about 
maiung of bis Trincipia. This obliged me to be very frequently with 
him, and as he lived at jome dijiance from me, a great number of 
letters pajfed between us on this account. When I had the honour ^ 
bis converfation, I endeavoured to learmhis thoughts upon mathema- 
tical fubjefts, and fomething hiftorical concerning his inventions, that / 
bad not been before acquainted with. I found, he bad read fewer of the 
modern mathematicians, than one could have exposed ; but bis own 
prodigious invention readily [applied him with what he might have an 
occafionforintbe purfuit of anyfubjeU he undertook. I have often heard 
him cenfure the handling geometrical fubjeUs by algebraic calculations \ 
and his book of Algebra be called by the name ofUnk erfal Arithmetic, 
in oppojition to the injudicious title of Qeometry,whicb Dos Cartes bad 
given to the treatife, wherein be Jbews, bow the geometer may ajjijl hit 
invention by [uch kind of computations. He frequently prdi)h! Slufius, 

ftoxxo'N and Wet) gcn% fur not being influenced ly the falfe tafle, which 
then began to prevail. He ufed to commend the laudable attempt of 
de Omcrique to reftore the ancient analyfts, and very much ejleemed kpol- 
lonius’j book Dc fedionc rationis forgiving us a clearer notion of that 
analyfis than we bad before. Dr. Barrow may he ejieemed as hav-' 

V ing 
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Jbe^jcn a ccmpafs of invention equals if net fuperier to tny if the 
in«4efys, our author only excepted but Sir Isa.vc NkwroN /',m- 
feveral times particularly recommended to me }\\\)p,cn^'s ftile tind 
manner. He thonpht him the mofl elegant of any mathematical wpi- - 
ter of modern times., and the mofl jttjl imitator of the ant tents. Of 
their tajle., and form of demonftration ^/rI.sAAc alzoays prof iljhl 
himftlf a great admirer . I have heard him even cevfure himfelf for 
not followiig., them yet mere chfely than he did ; and fpeak wtth re- 
gret of his mijlake at the beginning of his mathematical Jiudies., in- 
applying himftlf to the works of Des Cartes and other algebraic wri- 
ters, before he had conftdered the elements of Euclide with that atten- 
tion, which f(h excellent a writer dejerves. yis to the hijlvry of his 
inventions, what relates to his difetveries of the methods of feries and 
Jhixions, and if his theory of light and colours, the world has been f/if~ 
Jiciently informed of already, 'The Jirfl thoughts, which gave rife 
to his Trincipia, be had, when he retired from Cambridge in 1 666 on 
accittni if the plagjic. ./Is he fat alone in a garden, he fell into a 
[peculation on the power of gravity: that as this power is not found 
feifibly diininifu’d at the remotefl di fiance from the center of the earth, 
to which we can rife, neither at the tops of the hftiefl buildings^ nor 
eveii on the [ummits of t%e highefl mountaint ; it appeared to him 
reafona! le'to ecu lade, that this power mujl extend mneh ftrt her than 
was tfaalh thought ; why not as high as the moon, [aid he to him- 
ftlf I and if fo, her motion rnufi be inlhunced by it-, perhaps Jhe is re- 
tained in her orhtt the) eby. However, though the power of gravity 
is not fenfibly weakened in the little change of diftance, at which we 
can place our f elves from the ca ter of the earth ; yet it is very pojfible-> 
that fo high as the moon this power may differ much in Jtrevgtb from 
what it is hcdc. To make an ePimate, what might be the degree tf 
this diottintition, he conftdered with himfelf, that tf the moon be re- 
t a/ted in her erhit by the force of gravity, no doubt t he primary pla- 
cets ([re carried round the fun by the hke power. yh,d by comparing the 
periods of the feveral planets with tl ifrdiPancesfrcm the f'n, he found, 
that if any piwer likegravhy held t hem in their cotnfes, its Hrengthmufi 
dtcreafe in the duplicate piopor/ion if tie ii.creafe of diPauce. This 

[ ] he 
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he concluded hy ftippofin^ them to moeie in perfeU circles concentrical 
to the fnu^ from which the orbits of the greateji part of tbpjV>^o 
r.ot much differ. Suppoftng therefore the power of gravity^ when 
extended to the moon, to decreafe in the fame manner^ be computed 
whether that force wotdd be fufficient to keep the moon i^ her orbit. 

In this computation^ being abfent from books ^ he took the common ejiimate 
in life among geographers and our feameuy before Norwood had mea-' 
fared the earthy that 6o EngliJJj miles were contained in one degree 
of latitude on the futface of the earth. "But as this is a my faulty 
fnppofttion^ each degree containing about 69 J of our miles^ his com- 
putation did not anfwer expeUation j whence he concluded-^ that feme 
other caufe mufl at leaft join with the aUion of the power of g/aoity 
on the moon. On this account he laid afide for that time any farther 
thoughts upon this matter, ^ut fome years after^ a letter which he 

receked from "Dr. Hook, put him on inquiring what was the real 
figure y in which a body let fall from any high place defeends^ taking 
the motion of the earth round its axis into conft derat ion. Such a body^ 
having the fame motion^ which by the revolution of the earth the 
place has whence it falls-, is to be confidered as projeUed forward 
and at the fame time drawn down to the center of the earth, ffhis 
pave occafton to his refnming his former thoughts concerning 'the 
'mcon ; and Picart in France having lately meafured the "earth, by 
tifing his meafures the moon appeared to be kept in her orbit purely 
by the power of gravity ; and confequently, that this power decreafes 
as you recede from the center of the earth in the manner our author 
had formerly conjeUured. Upon this principle he found the line de- 
fa ihed by a falling body to be an elUpfis, the center of , the eaith be- 
ing one focus. And the primary planets moving in fuel] orbits round 
the fun, he had the fatisfaUion to fee, that this inquiry, which be 
had undertaken merely out of curiofity, could be applied^^be 
grentefi purpifes. Hereupon he comp^cd near a dozen propcfittxys 
relating to the motion of the primary planets about the fun. Sevpra'l^ ^ 
years after this, fome difeourfe he had with Hr. Halley, who at 
Cambridge made him a vifit, engaged Sir Isaac Newton to 

refume again the confideratiou of this fubjeci j and gave occafm 

to 
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to bis writing the treatife which be puhlijhed under the title of nta^ 
t^ttrtkstical principles of natural pbilcfophy. This treatife, full of 
fuch a variety of profound iuveiaions, was cotnpofed ly him from 
fcarce any other materials than the few propojitions hefore mentiongdy 
in the [pace of one year and an half. 

I’hough his memory was much decayed., 1 found be petfe^iy un- 
derfiood his own writings, comrary to what / bad frequently beard 
in difcourfe from many perfons. ibis opinion of theirs might arife 
perhaps from his not being always ready at [peaking on tbefe fub- 
je^s, when it might be expetled be Jhould. 'But as to this, it may be 
obferved, that great genius's are frequently liable to be ahfent, not only 
in relation to common life, but with regard to fome of the parts cf fcienct 
tlfey are the be ft informed of Inventors feem to treajure up in their 
minds, what they have found out, after another manner than tbofe do 
the fame things, who have not this inventive faculty. The former, 
whfn they have occafm to produce their knowledge, are in fome mea- 
ftire obliged immediately to invejiigate part of what they want. For 
this they are not equally Jit at all times : fo it has ([ten happened, 
that fuch as retain things chiefly by means of a very ftrong memory, 
haie appeared (Jf band iitore expert than the difcoverers themfelves. 

As to the moral endowments of his mind, they were as much to be 
admired at his other talents. But this is a Jeld Heave others to 
exfpatiate in. I only touch upon what I experienced my felf during the 
few years I was happy in his friendjhip. But this Immediately 
dif covered in him, which at once both fur prized and charmed me : 
Neither bis extreme great age, nor his miverfal reputation had 
rendred him ftiff in opinion, or in any degree elated. Of this 
I ha^ccafion to have almoft daily experience. The Remarks I 
cy/tnually fent him by letters on his Brincipia were received with 
fpe upmoft goodnefs. Ubefe were fo far from being any ways difplea- 
fing to him, that on the contrary it occafwned him to [peak many kind 
things of me to my friends, and to honour me with a piiblick tfftimony 
of bis good opinion. He alfo approved of the following treatife, a 
cte^ part of which we read together. As many alterations were 

[* *] made 



F'rom black oblcufity’s aFyls to ralle, ' 

(Drooping and mourning o’er thy wondrous works) 
With vain inquiry fought. Like meteors thefo 
In tlicir dark age bright Ions of wildom flione ; 

But at thy Newton all their laurels fade, 

They Ihrink from all the honours of their names. 

So glimm’ring ftars contract their feeble rays, 

When the fwift luftre of Aurora’s face 
Flows o’er the skies, and wraps the heav’ns in light. 

T H E Deity’s omnipotence, the caule, 

Th’ original of things long lay unknown. 

Alone the beauties prominent to fight 
(Of the celeftial power the outward form) 

Drew praife and wonder from the gazing world. 

As when the deluge overlpread the earth, 

Whilft yet the moimtains only rear’d their heads 
Above the furface of the wild expanle. 

Whelm’d deep below the great foundations lay, 

'Fill Ibmc kind angel at heav’n’s high comnjand 
Roul’d back the rifing tides, and haughty floods, 
And to the ocean thunder'd out his voice ; 

Qriick all the Iwelling and imperious waves, 

The foaming billows and obfcuring Huge, 

Back to their channels and their ancient leats 
Recoil affrighted : from the darkfomc main 
Earth railes fmiling, as new-born, her head. 

And with frelh charms her lovely face arrays. 

So his extenfive thought accomplilh’d firft 
The mighty task to drive th’ obftrufting mifts 
Of ignorance away, beneath whole gloom 
Th' inlhrouded majefty of Nature lay. 

He drew the veil and fwell’d the fpreading focne. 
How had the moon aroimd th’ ethereal void 


Rang’d, 
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Rang’d, and eluded lab’ring mortals care, 

'l iH-his invention trac’d her lecret fteps, 

While Ihe inconftant with unfteady rein 
'rhroiigh endlcls mazes and meanders guides 
In its unequ^ courlc her changing carr : 

Whether behind the ilin’s liiperior light 
She hides the beauties of her radiant face, 

Or, when conlpieuoiis, liniles upon mankind, 

Unveiling all her night-rejoicing charms. 

When thus the filvcr-trefled moon dilpels 
The frowning horrors from the brow of night. 

And with her fplendors cheats the fullcn gloom, 

' While lable-mantled darknels with his veil 
TllNvifage of the fair horizon lhadcs. 

And over nature I'preads his raven wings ; 

Let me upon Ibme unfrequented green 
Whi|e fleep fits heavy on the drowfy world, 

Seek out Ibme folitary peaceful ceU, 

Where darklbine woods around their gloomy brows 
Bow low, and ev’ry hill’s protended fliade 
Oblcftrcs the dusky vale, tfierc filcnt dwell. 

Where contemplation holds its ftilj abode, 

There trace the wide and pathlcls void of heav’n. 

And count the ftars that fparkle on its robe. 

Or ellc in fancy’s wild'ring mazes loft 
Upon the verdufe ice the fairy elves 
Dance o'er their, magick circles, or behold, 

In thought cnraj)tur’d with the ancient bards, 

Medea’s baleful Incantations draw 
Down fesm her orb the paly queen of night. 

But chiefly Newton let me Ibar with thee. 

And \yhilc iurveying all yon ftarry vault 
\\ ith adtniration I attentive gaze, 
f hou lhalt dclccnd from thy celcftial Icat, 

And 
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Ami wait aloit my high-alpiiiiij^ mind, 

Mialt flu'v/ me there how nature has ordain’d 
Her fiiiKlamenral laws, lhalt lead my thought 
'1 hroiigh all the wand’rings ol* tlV uncertain moon, 
?\nd teach me all her operating powers. 

Mie and the lun with influence conjoint 
Wield the huge axle of the whirling earth, 

Aiui from their jufl: direction turn the poles, 

Slow urging on the progrefs of the years. 

'1 he eonftellations feem to leave their feats, 

And o’er the skies with iblcnin pace to move. 

You, fplendid rulers of the day and night, 

^1lc icas obey, at your rcfiftlcfs Iway 
Now they contract their waters, and cxpol'c 
'The dreary delart of old ocean’s reign. 

'I’hc craggy rocks their horrid fides dilclole ; 
Trembling the failor views the dreadful Iccne, 

And caiitioufly the threat nitig ruin fimns. 

But where the fliallow waters hide tlie lands, 

'fhere ravenous deflru£tion lurks conceard, 

’'fhcrc the ill-guided vefld falls a prey, * 

And all her numbers gorge his grcxdy jaws. 

Jhit quick returning lee th’ impetuous tides 
Back to th’ abandon'd (bores impell the main. 
Again the foaming leas extend their waves, 

Again the rouling floods embrace the fhoars, 

And veil the honours of the empty deep. 

111118 the obfequious fcas your power confels^ 
Wliile from ilic furface healthful vapours rife 
Plenteous throughout the atmofphere difliis’d, 

Or to fupply the mountain’s heads with Iprings, 

Or fill the hanging clouds with needful rains, 

That i'ricndly ftreams, and kind rcfrclhing Ihow’rs 
May gently lave the fun-bumt thirfty plains, 
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Or to replcnifti all the empty air 

With whoUbme moifture to incrcale the fruits 

Of earth, and blcfs the labours of mankind* 

O Newton, wiicther flics thy mighty Ibul, 

How lhall jhc feeble nuife purliic through all 
The vail extent of thy unbounded thought, 

That even Iccks th' unfccii rccclles dark 
To penetrate of providence immenlc. 

And thou the great dilpenlcr ol‘ the world 
Propitious, who with infpiration taught’ft 
Our grcatefl bard to lend thy prailes forth ; 

Thou, who gav’ft Newton thought ; who linirdll lercnc, 
When to its bounds he llrctchM his fvvclling Ibul ; 

ftill benignant ever bleft his toil, 

And deign’d to his enlight’ned mind t’ appear 
Confcls’d around th’ interminated world : 

Tojne O thy divine infufion grant 
(0 thou in all fo infinitely good) 

That I may fing thy cverlafting works. 

Thy incxhaulled llore of providence. 

In thought effulgent and rclbunding verle. 

O could llprcad the wondVous ^heme around, 

Where the wind cools the oriental world, 

To the caln? breezes of the Zephir’s breath. 

To where the frozen hyperborean blalls, 

To where the boifl’rous tempcft-lcading fouth 
From their deep hollow caves lend forth their florins. 

Thou ftill indulgent parent of mankind, 

Left humid emanations Ihould no more 
Flow from the ocean, but dilTolvc away 
Through the long feries of revolving time ; 

And left the vital principle decay, 

By which the air fupplics the fprings of life j 
Thou haft the fiery vifag'd comets form'd 
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With vivifying fpirits all replete, 

Which they abundant breathe about the void, 

Renewing the prolifick foul of things. 

- 3^0 longer now on thee amaz’d we call. 

No longer tremble at imagin’d ills,* 

When comets blaze tremendous from on high, 

Or when extending wide their flaming trains 
With hideous gralp the skies engirdle round. 

And fpread the terrors of their burning locks. 

For thefe through orbits in the length’ning fpace 
Of many tedious rouling years compleat 
Around the fim move regularly on ; 

And with tlic planets in harmonious orbs, 

And myftick periods their obcyfance pay 
To him majeftick ruler of the skies 
Upon his throne of circled glory fixt. 

He or fomc god confpicuous to the view, 

Or die the liibHitute of nature feems. 

Guiding the courles of revolving worlds. 

He taught great Newton the all-potent laws 
Of gravitation, by whole Ample power 
The univerfe exifts. Not here the f^ge 
Big with invention Hill renewing ftaid. 

But O bright angel of the lamp of day, 

How lhall the mufe difplay his greateft toil? 

Let her plunge deep in Aganippe’s waves. 

Or in Caftalia’s ever-flowing ftream, 

'That re-infpired Ihe may fing to thee. 

How Newton dat’d advent’rous to unbraid 
The yellow trclTes of thy ihining hair. 

Or didft thou gracious leave thy radiant fphere. 

And to his hand thy lucid Iplendours give, 

T’ unweave the li^t-diflufmg wreath, and part 
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T^e blended glories of thy golden plumes ? 

He with laborious, and unerring care, 

How diff'rent and imbodied colours form 
Thy piercing light, with jnft diftinftion found. 

He with qiiick fight purlu'd thy darting rays, 

When penetrating to th' obfcure reeds 
Of Iblid matter, there perlpicuous few. 

How in the texture of each body lay 
The power that feparates the difPrent beams. 

Hence over nature’s unadorned face 
Thy bright diverfifying rays dilate 
Their various hues ; and hence when vernal rains 
•^elcending fwift have burft the low’ring clouds, 

• TfT^ fplendors through the dilfipating mHb 
In its fair vcfturc of unnumber’d hues 
Array the Ihow’ry bow. At thy approach 
The morning rifen from her pearly conch 
With rofy bluflics decks her vii^ cheek ; 

The cv’ning on the frontilpiece of hcav'n 
His^ mantle Ipreads with giany colours gay ; 

The mid-^ay skies in radiant azure clad, 

The Ihining clouds, and filver vapours rob'd 
In white tranlparent intermixt with gold, 

With bright variety of fplendor cloath 
All the illuminated face above. 

When hoary-headed winter back retires 
To the chill’d»pole, there Iblitary fits 
Encompals’d sound with winds and tempefts bleak 
In caverns of impenetrable ice, 

And from behind the di/Tipated gloom 
Like a new Venus from the parting lurge 
The gay-apparell’d i'pring advances on j 
When thou in thy meridian brightnefi fitt’ft. 

And from thy throne pure emanations flow 
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Of glory burfting o’er the radiant skies : 

Then let the mufe Olympus’ top afeend, 

And o’er Thcffalia’s plain extend her view, 

And count, 0 Tempe, all thy beauties o’er. 

Mountains, whole liimmits grafp the pendant clouds, 

Between their wood-invelop’d flopes embrace 
The green-attired vallics. Every flow’r 
Here in tlic pride of bounteous nature clad 
Smiles on the bofom of th’ cnamcll’d meads. 

Over the fmiling lawn the filvcr floods 
Of fliir rcncus gently roul along, 

While the reflected colours from the flow’rs, 

And verdant borders pierce the lympid waves, 

And paint with all their variegated hue 
Ttie yellow fands beneath. Smooth gliding on 
*1 he waters haften to the neighbouring fea. 

Still the pleas’d eye the floating plain purfucs- 
At length, in Neptune's wide dominion loft,. 

Surveys the Ihining billows, that arife 
Apparcll’d each in Pheebus’ bright attire : 

Or from a far Ibmc tall majcftick Ihip, 

Or the long hoftile lines of threat’ning fleets. 

Which o’er the bright uneven mirror fweep. 

In dazling gold and waving purple deekt; 

Such as of old, when haughty Athens power 
Their hideous front, and terrible array 
Againft Pallenc’s coaft extended wide. 

And with tremendous w’ar and battel ftem 
The trembling walls of Potidsea Ihook. 

Oefted with pendants curling with the breeze 
’Fhc upright marts high briftle in the air. 

Aloft exalting proud their gilded heads. 

The filvcr waves againrt the painted prows 
Raile their relplcndcnt bofoms, aud impcarl 

Th( 
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The fair Vermillion with their glift’ring drops : 

And from on board the iron«^j|^thed hoft 
Around the main a gleaming horrour calls ; 

Each flaming buckler like the mid-day fun, 

Each plumed helmet like the filver moon, 

Each moving gauntlet like the light’ning’s blaze, 

And like a liar each brazen pointed Ijjcar. 

But lo the lacred high-creded fanes. 

Fair citadels, and marble-crowned towers, 

And limiptuous palaces of ftately towns 
Magnificent arilc, upon their heads 
Bearing on high a wreath of filver light. 

NBut lee iny mule the higir Pierian hill, 
its Ihaggy locks and airy top. 

Up to the skies th’ imperious mountain heaves ■ 

Tlie Ihining verdure of the nodding woods. 

See where the filver Hippocrene flows, 

Behold cacli glitt'ring rivulet, and rill 
Through mazes wander down tlie green dclceiit, . 

And Iparkle through the Interwoven trees. 

Here* reft a while and humble homage pay. 

Here, where the facred genius, tliat infpir’d 
.Sublime M a o N i d e s and P i N D alt’s breaft. 

His habitation once was fam’d to hold. 

Here thou, O Homer, offcr’dft up thy vows; 

Thee, the kind .mule Calliop/ea heard. 

And led thee to the empyrean feats. 

There manifefte’d to thy hallow’d eyes 

The deeds of gods; thee wile Minerva taught 

The wondrous art of knowing human kind ; 

Harmonious Phoebus tun’d thy hcav’nly mind. 

And Iwell’d to rapture each exalted lenlc ; 

Even Mars the dreadful battle-ruling gal. 

Mars taught thee war, and with his bloody liand 
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Inftrufted tliinc, when in thy founding h’nes 
We hear the rattling ol’ Bcllona’s carr,||l^ 

The yell of dilcord, and the din of arms. 

■Pindar, when mounted on his fiery ftced, 

‘Soars to the fun, oppofing eagle like 
His eyes undazled to the fierceft rays. 

He firmly leated, not like Glaucus’ Ion, 

Strides his fwift-wiiigcd and fire-breathing horle, 

And born aloft ftrikes with his ringing hoofs 
The brazen vault of hcav’n, lliperior there 
Looks down upon the ftars, whole radiant light 
Illuminates innumerable worlds, 

That through eternal orbits roul beneath. 

But thou all hail immortalized fon 
Of harmony, all hail thou Thracian bard, 

'I'o whom Apollo gave his tuneful lyre. 

O might’ftthou, Orpheus, now again revive, 

And Newton Ihould inform thy lift’ning ear 
How the loft notes, and ibul-inchanting ftrains 
Of thy own lyre were on the wind convey’d. 

He taught the mule, how Ibund progreffivc floats 
Upon the waving particles of air, 

Wheir harmony in cver-pkafing ftrains. 

Melodious melting at each lulling fill. 

With loft alluring penetration ftcals 
Through the enraptur’d car to inmoft thought. 

And folds the lenles in its filkcn bands. 

So the fwcet mufick, which from Orpheus' touch 
And fam’d Am PH I on’s, on the Ibunding firing 
.Arofe harmonious, gliding on the air. 

Pierc’d the tough-bark’d and knotty-ribbed woods, 

Into their faps foil inlpiration breath’d 
And taught attention to the ftubbom oak. 

Qhuswhcn great Henry, and brave Marlb’rouch led 
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Th’ imbatticd numbers of Britannia’s Ions, 

Th^rump, that fwclls th’ expanded cheek of fame, 

That adds new vigour to the generous youth. 

And rouzes fluggiih cowardize it Iclf, 

The trumpet with its Mars-inciting voice. 

The winds broad breaft impetuous fweeping o’er 
Fill’d the big note of war. Th’ inlpired hoft 
With new-born ardor prefs the trembling Gaul j 
Nor greater throngs had reach’d eternal night, 

Not if the fields of Agcncourt had yawn’d 
Expofing horrible the gulf of fate ; 

Or roaring Danube Iprcad his arms abroad, 

And overwhelm’d their legions with his floods. 

Byt i«t:,,the wand’ring mule at length return j 
Nor yet, angelick genius of the liin, 

Li worthy lays her high-attempting long 
Has blazon’d forth thy venerated name. 

Then let her fweep the loud-rclbunding lyre 
Again, again o’er each melodious firing 
Teach harmony to tremble with thy praife. 

And mu thine ear O favourable grant. 

And fhe fhalF tell thee, that whatever charms. 

Whatever beauties bloom on nature’s face, 

Proceed from ihy all-influencing light. 

That when arifing with tempeftuous rage. 

The North impetuous rides upon the clouds 
Difperfing round ^the hcav’ns obflmiUv’e gloom, 

And with his dreaded prohibition flays 
'The kind cffufioir of thy genial beams ; 

Pale arc the rubies on A u R o R a’s lips, 

No more the rofes blufh upon her checks, 

Black are Peneus’ flreams and golden lands 
In Temp’s vale dull melancholy fits, 

And every flower reclines its languid head. 
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By what high name fliall I invoke thee, fay, 

'Thou lifc-infufing deity, on thee 
I call, and look propitious from on high, 

^ While now to thee I offer up my prayer. 

Ohad great Ni-wton, as he found the caule, 

By which found rouls thro* th* undulating air, 

() had he, haflling times refiftlcfs power, 

Dileovcr’d wliat that fubtle fpirit is, 

Or wliatibe cr diffufive elfe is fpread 
Over the wide-extended univerfe. 

Which caufes bodies to refleft the light, 

And from their flraight diredion to divert 
1 he rapid beams, that through their furface pierce. 

But fmee embrac*d by th’ icy arms of age, 

And his quick thought by times cold hand congeard, 
f>’n Newton left unknown this hidden power j 
I'hoii Irom the race of human kind lelcft 
^iome other wortliy of an angel’s care, 

W ith inlpiration animate his breaff, 

And him inftrud in thcle thy fccrct laws., 

O let not Newton, to whole fpaeious view', 

Now unobftruded, all tli* extcnfi^e Iccnes 
Of the ethereal ruler’s works arilej 
Wlicn he beholds this earth he late adorn’d. 

Let him not fee philofophy in tears. 

Like a fond mother Iblitary fit, 

Lamenting him her dear, and only child. 

But as the wife Pythagoras, and he. 

Whole birth with pride the fam’d Alxlcra boafts. 

With expedation having long fiirvcy’d 
This fpot their antient leat, w ith joy beheld 
Divine philofophy at length appear 
In all her charms majcftically fair, 

Conduded by immortal Newton's hand: 

& 
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So may he (cc another fagc arilc, 

Tftat lhall maintain her empire : then no inoie 
Imperious ignorance \\ith haughty Tway 
Shall ftalk rapacious o’er tlic ravag’d globe : 

Then thou, O Newton, lhalt proted thcle lines. 

The humbl^ tribiiic of the grateful mufc j 
Ne’er faall the iacrilcgious hand delpoil 
Her laurel’d temples, whon\ his name prelerves : 

And were Ihe equal to the mighty theme, 

Kutuiity /hould wonder at her long; 

Time flioiild leeeiv'c her w ith extended arms, 

Seat lier eonfpicuous in his louling earr, 

And bear her down to his extreamefl: bound. 

V A Cl Es with wonder tell how Terra's ions 
^\ itll iron force unloos'd tlic flublx)rn nerves 
Of hills, and on the cloud-inflirouded top 
01 IVIionOlTa pil’d. But il'the vail 
Oigantiek deeds of lavage ftrength demand 
Aflonilhmcnt from men, what then (halt thou, 

() what expreflive rapture %l' the foul, 

When thoi? before us, Newton, doft difplay 
The lalxDurs ol' thy great excelling mind; 

Wlien thou jinvcilefl all the woiulrous Iccnc, 

The vaft idea of tlf eternal king, 

Not dreadful bearing in his angry aim 
d he tliunder hanging o'er our trembling licads ; 

But with th' efliilgcncy of love replete, 

And clad witf/^wer, which Ibrm'd th' cxtcnfivc heavens, 

0 happy. he, whole enterprizing hand 
Idibars the golden and rclucid gates 

01 th’ empyrean dome, where thou cnthroiul 
PhilolSphy art Icated. ’fhou fuftain'd 

By the firm hand ol cvcriafting truth 

[0 
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Dcfpifeft all the injuries of time : 

Thou never know’ft decay \vhen all around, 

Anti(]uity ohleures her head. Behold 
d'h’ f![!;ypti.in towers, the Babylonian walls, 

And 'I hehes with all her hundred gates of brafi, ^ 

jkhold them Icatter'd like the dull abroad. 

\\ hatever now is flourilhing and proud, 

W hatever lhall, muft know devouring age. 

I ’uphrates' Ilreani, and Icvcn-mouthcd Nile, 

7\nd Danube, tliou that from Germania’s foil 
'lb the black Kuxinc’s far remoted fhore, 

(fer the wide bounds of mighty nations Iwecp’ft 
In iliuiuler loud thy rapid floods along. 

Iwb you (hall feel inexorable time ; 

’Ib you the fatal day lhall come ; no more 

Your torrents then (hall (hake the trembling ground, 

No longer then to inundations fwoln 

'Ib’ imperious waves the fertile pafturcs drench, 

But Ihrunk within a narrow channel glide ; 

Or through the year’s reiterated courle 
\\ hen time liiml'elf grows old, your wondYous ftreams 
Loft ev’n to memory (hall lie unknov^n 
Beneath obfeiirity, and Chaos whelm’d. 

Ihit (till tliou llm illuminatcft all 
d he azure regions round, thou guideft ftill 
The orbits of the planetary (pheres ^ 

I'he moon ftill wanders o’er her changing courle, 

And ftill, O Newton, lhall thy name furvivc : 

As long as nature’s hand direds the world, 

When cvYy dark obftrudion lhall retire. 

And ev’ry I'ccrct yield its hidden ftore, 

Which thee dini-fightcd age forbad to lec 
Age that alone could ftay thy riling IbiJ. 

And tx)uld mankind among the fixed ftars, 
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E’en to th’ extrcmeft bounds of knowledge reach, 

*^o thole unknown innumerable liins, 

Whole light but glimmers from thole diftant worlds, 

Ev’n to thofe utmoft boundaries, thole bars 
That Ihut the entrance of th’ illumin’d Ipacc 
W here an^ls only tread the vaft unknown, 

Thou ever Ihould’ft be Iccn immortal there : 

In eacli new fphere, each new-appearing fun, 

In fartheft regions at the very verge 
Of the wide univcrlc Ihould’ft thou be teen. 

And lo, th’ all-potent goddefs Nature takes 
W ith her own hand thy great, thy juft reward 
Of immortality j aloft in air 
See iJic dilplays, and with eternal gralp 
Uprears the trophies of great N e w t o n's fame. 


R. Glover. 
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Rr, Rev. Lord Bijhop e/'Briftoi 
Right Hon. Lord Batburft 
Richard Back well, Bfqi 
Mr William Backfticll, Merck. 
Edmund Bacicwcll, Gent, 

Str F.dmund Bacon 
Richard Bagfhaw, i/Oakcf, Efqi 
Tho. Bagflaaw, tf/Bakcwcll, E^i 
Rev. Mr. BagBiaw 
Str Robert Bayiis 
Honourable George Baillie, Efq\ 
Giles Bailly, M.D. ^Briftol 
Mr Serjeant Baines 
Rev. Mr, Samuel Baker* Bjp^ 
den, of Sr. Paul'#. 

Mr George Baker 
Mr Prancif Baker 
Mr Robert Baker 
Mr John Bakewell 
Anthony Balam, Efqi 
Charles Bale, M. D. 


Mr 



Subs 


Mr Atwtll, FW/o* «/ Exeter 
Coll. Oxon 
Mt Savage Atwood 
Mr John Atwood 
Mr James Audlcy 
5/r Robert Auften, BArt. 

Sh John Auften 
Benjamin Avery, L.L.D* 

Mr Balgay 

Rtv. Mr Tho. Ball,?rfW47 #/ 
Chichcftcr 

Mr Pappillon Ball, Merchant 
Mr Levy Ball 

Rrv. Mr Jacob Ball, <)/■ Andover 
B.iv. Mr Edward Ballad, tf/Trin. 

Coll. Cambridge 
Mr Bailer 

John Bainbcr, M. D. 

Hev. Mr Banycr, Fellow of Ema- 
nuel Coll. Cambridge 
Mr Henry Banyer, i»/ Wisbech, 

SHf^eon 

Mr John Barber, Apothecary in 
Coventry 

Henry Stcuart Barclay, of Co- 
lairny, f/j, 

lUr. Mr Barclay, Canon of 

Windlbr 

Mr David Barclay 
Mr Benjamin Barker, Book- 
feller m London 

Barker. E/j, 

Mr Francis Bark Bead 
Bov, Mr Barnard 
Thomas Barrctr, £/^i 
Mr Barrett 

Richard Barrett, A/. D. 

Mr Barrow, Apothecary 
'William Barrow by, A/. D, 
Edward Barry, A/. D. o/Corkc 
Mr Humphicy Bartholomew, 
#/Umverlity College, Oxon 
Mr Benjamin Bartlett 
Mr Henry Bartlett 
Mr James Bartlett 
Mr Newton Barton, ^Trinity 
College, Cambridge 
Rixi. Mr. Barton 
William Barnllcy, 

Mr Samuel BaArmau 
Mr Thomas Bates 
Peter Bathurft. 

Mark Bair, 

Thomas Bair, Efn\ 

Mr Batlcv, BookfrlUr m London 
Mr Chriftopher Batt, jnn. 

Mr William Bait, Ap^bttary 
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Bfv. Mr Battcly, M. A. Student 
of Chrift Church, Oxon 
Mr Edmund Baugh 
Rev, Mr. Thomas Bayes 
Edward Bay Icy, M. D. of Ha- 
vant 

John Bay Icy, A/. D. of Chi- 
chcftcr 

Mr. Alexander Baynes, Trofejfor 
of Law m the Untverfity of 
Edinburgh 
Mr Benjamin Beach 
Thomas Beacon, £/^; 

Rev, Mr Philip Bcarcroft 
Mr Thomas Bcarcroft 
Mr William Bcachcroft 
Richard Beard, A/. D. of Wor- 
ceftcr 

Mr Joftph Beadey 
Rev. Mr Beats, M,A. Fellow of 
Magdalen College, Cambridge 
Sir Gcoigc Bcninv^it 
John Beaumont, I'/j. of Clap- 
ham 

William Beecher, of Howberry, 

EJij, 

Mr Michael Beecher 
Mr Finney Bcifidd, ef the Inncr- 
Tcmplc 

Mr Benjamin Bell 
Mr Humphrey Bell 
Mr Phineas Bed 
Leonard Belt, Gent, , 

William Benbow, Ef]> 

Mr Martin BcnJali 
Mr George Bcnrf^r, of Cork, 
Book feller 

Rev. Mr Martin Bcufoil, Arch- 
deacon of Berks 
Samuel Henfon, Ef<^y 
William Benfon, 

Rev Richard Benily, D. D. Maf 
ter o/Tnnity Coll. Cambridge 
Thomas Berc, 

Tlje Hon, John Berkley, Eiq; 
Mr Maurice Berkley, Icn. Suriton 
John Bernard, E/qi 
Mr Charles Bernard 
Hugh Bcthcll, of Rite in York- 
fhllC, Efify 

Hugh Bel hell, of Swindon in 
Yorkftiitc, E/q -y 

Mr Silvanus Bevao, Apotlxca^y 
Mr Calvcily Btwick, jun. 
Henry bigg, B D Warden of 
New College, Oxon 
Sir William Bdlers 
EiBcri, Efyi 


Mr John Billiogflcy 
Mr George Binckcs 
Rev. Mr Birchioftia, ^Exeter 
College, Oxon 
Rev. Mr Richard Bifcoe 
Mr Hawicv Biftiop, o/5/, 
John’s College, Oxon 
Dr Bird, of Reading 
Henry Blaakc, Vsy^i 
Mr Henry BIa:\e 
Rev. Mr George Black 
Steward Blacker, Efqy 
William Black .T, £y^ 

Rowland Blackman, Efq-y 
Rev. Mr Charles Black mdre, ^ 
Worcefter 

Rev Mr Blackwall, a/ Emanuel 
College, Cambridge 
Jonath-n Blarkwcl, Efq\ 

James Blackwood, w 
Mr Thomas Blandtord 
Arthur B'aney, E/q; 

Mr James Blew ^ 

Mr William Blixard 
Dr B'omer 
Mr Henry Blunt 
Mr Elias Bucket 
Mr Thomas Bocking 
Mr Charles Boehm, Merchant 
Mr William Bogdani 
Mr John Du Bois, Merchant 
I^lr >amucl Du Bois 
Mr jofeph Bolton, of London- 
derry, Efij, 

Mr John Bond 

John Bonithon, M. A, *» 

Mr James Bonwick, Bookfrlie, 
in London V 

Thomas Boonlf, Efqi 
Rev. Mr Penny ftone, M.A* 

Mrs Judith Booth 
Thomas Dooilcj E/q; 

Thomas Borret, Efq^ 

Mr Benjamin Boll 

Dr Boftotk 

Henry Bol>.IIc, Efoi 

Mr John *B( fwortn 

Dr George Bou'ton 

Urn. I’ourn.A^. D. (i/ChefterEcld' 

M'S Catherine Bovey 

Mr Humphrey Bowen* 

Mr Bower 
|ohn nov/fs, Efq\ 

Wi lum Bowies, Iff, 

Mr ji'hn Bowles 
Mr TS.omjs Bowles 
Mr Dcvcreux Bow’y 
D^Cdingron Braded, Efqj, 


Rtv, 
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Rn;. Mr James Bradley, 
cf Aftronomy, m Oxford 
Mr Job Bradley, BookftlUr m 
C he i lei field 

Rrv, Mr John Bradley 
Bjv Mr Bradfhaw, ^elUw cf 
Jelus College, Cambridge 
Ml jolcph Bradlhiw 
Mr Thomas BLckHiaw 
Mr Robert Brigge 
Champion Brarftcid, P/fj 
joi'eph Brand, Pjv; 

Mr Thomas Bralcker 
Mr TJ5otBir«fci/id 
Mr Jft axton 

David Braymer 

Hev Mr Charles Bicnt, p/ BriBol 

Mr Wiliiam Brent 

]N-Ir Edmund Bret 

John BncJcdalc, Efqi 

Hev. Mr John Bndgcn A- A/. 

Abraham Bridges. £/qt 

George ^riggs, Efyy 


John Bridges, P/*/, 
Brook Bridges, Efa 


Brook Bridges, E/q; 

Orlando Bridgman, E/q; 

Mr Charles Bridgman 
Mr Widiam Bridgman, e/Trini* 
ty College, Cambridge 
Sir Humphrey Briggs, B^rt, 
Robert Bfiftol, Efqi 
Mr jofeph Broad 
Pcicr Brooke, af Mecr, Efji 
Mr ]*icob Brook 
Mr Brooke, Oriel CoU.Oxon 
M^Thomas Brookes 
Mir James Brooks 
f^'jlliam Brooks, Efqi 
Rev. Mr William urookg 
Stamp Brooksbank, E/q, 

Mr Murdock Broomcr 
William Brown, FfijH 
Mr Richard Brown, <f Norwich 
Mr William Brown, o/HuIl 
Mrs Sarah Brown 


Mr John Browne ^ 

Mr John Browning^ Briftol 
Mr John Browning 
Noel Broxhhlme, M.D. 

William Bryan, Efy^ 

Riv. Mr'Brydaro 
ChriJUophcr Buckle, Efq, 
Samuel^ucklcy, Efyi 
Mr Hudgeo 
Sir John Bull 

Joiiab Bullock, ef Faulkbouro* 
Hall. Elfex, Efy; 

&rt/. Mr Richard Bullock 


Rev, Mr Richard Dundy 
Mr Alexander Bunyan 
Rev. Mr D. Purgei 
Ebcneier Burgefs, Efqi 
Robert Burlcflon. M B, 

Gilbert Burner, Efqi 
Thomas Burnet, Efq; 

Rev. Mr Gilbert But net 
Jiis Excellency Will. Burnet, Efq] 
Gfixtrnour New- York 

Mr Ti afford Burnfton, cfTr\t\. 

College, Cambridge 
Peter Burr cl Efqi 
John Burridge, EfcR 
James Burrough, £y^i Beadle 
Fellow oj Cams Coll. Cambr. 
Mr Benjamin Burroughs 
fcrcmiah Burrough.s, E/q^ 

Hev. Mr Jolcph Burroughs 
ChriBopher Burrow. E/qi 
James Bui row, E/qt 
Wil lam Burrow, A. A/. 

Francis Burton, Efqi 
)ohn Burton, £/^, 

Samuel Burton, of Dublin, Efq% 
William Burton, Efqi 
Mr Burton, 

Richard Burton, Efqi 
Dr Simon Burton 
Rev. Mr Thomas Burton, A/, .if. 
FellsTO of Cams College, Cam- 
bridge 

John Bury, jun, Efqi 
Re%, Mr Samuel Bury 
Mr William Bufh 
Hev. Mr Sa(|iucl Butler 
Mr I' feph Button, Ncwcaftle 
til on Tyne 

Jion. Edward Cjam, Covernoter 
of Antigua 

Mr Edward By am, Mercheuit 
Mr John Byrom 
Mr Duncumb BriBow, Merch. 
Mr William Bradgatc 

C 

Hts Grtue the ArchbiOiop of Can- 
terbury 

R\lht Hon. the Lord Chancellor 
Htt Grace the Duke of Chandois 
The Right Hon. the Rzrl of Carliflc 
Right Hon. Earl Cowper 
Rt. Rev. Lord Btjhopof Carliflc 
Rf . Rev. Lord Btjhop s/ Chichefler 
Rt. Rev. Lord Btjh. of Cloufcrt 
%n Ireland 

Rt. Rev, Lord Bifhop tf Coyne 
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Rt. Hon, Lord Clintmi 
AV. Hon. Lord Chetwynd 
Rt. Hon. Lord Jjmci Cavendifli 
The Hon. Lord Oardrofs 
Rt. Hon. Lord ('afllemain 
Right Hon. lord Sr. Clare 
Cornelius Cai|jgh.in, Efqi 
Mr tharics CalJaghin * 

Felix Calvert, p/.Allbury, Rfq^ 
Peter Calvert, of HunTdown tu 
Hertfordfime, Efqi 
Mr William Calvert of Emanuel 
College, Cambridge 
Reverend Mr John Cambden 
John Campbell, cf Stack pole- 
Courr, in the CounQf of Pem- 
broke, Efqt 

Mrs Campbell, of Staokpolc- 
Court 

Mrs. Elr/.abeth Caper 
Mr Deililiers CaibuncI 
Mr John Carleton 
Mr Richard Carlton, t/Chefler- 
ficld 

Mr Nathaniel Carpenter 
ffenry Carr, Efqi 
John Carr, Efq, 

John C.^arrurhers, Efqi 
Hev, Dr. George Carter, Pra- 
vofl of Oriel College 
Mr Samuel Carter 
Honourable VAve Old CtTlerct, Eff; 
Robert Cartes, jun. in Virginia, 
Efqi 

Mr William Carrlich 
James Maccartney, Efqi 
Mr Cartwrighr, of Amho 
Mr William Cartwright, of 
Trinity College. Cambridgo 
Reverend Mr William Cary, 
Bnftol ^ 

Mr Lyndford Caryl 
Mr John Cafe 
Mr John Caflle 
Reverend Mr Cattle 
Hen, William Cayley, Confitl m 
Odiz, Efqi 

William Chambers, Efqi 
Mr Nchemiah Champion 
Mr Richard Champion 
Matthew Chandler, Efqi 
Mr George Channel 
Mr Channing 

Mr Jofeph CbjppcII, Attornef 
at Briftol ^ 

Mr Rice Charlton, Apethecaej 
at Briflol 


St. 
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Sf. John Chirelton. Efqi 
Mr Richard Cbareiton 
Mr Thomaa Chafe, cf Liibon, 
hUrchMt 

Robert Chaunccy, W. IX 

Mr Peter Chauvcl 

Fitriciua Chawoith, of Anfley, 

PoleCbaworth of tht Inner Tem- 
ple, 

Mr William Chcfcldcn, 
to htr Mojtfly 
Taraci Clictham, 

Mr James Chetham 
Chirfci Child, A. B, of Clarc- 
Hall, in Cambridgr, Efq^ 

Mr Cholmcly, Gentleman Com> 
moner of Ncw*College, Oxon 
Thomas Church, Efq\ 

Beverend Mr St. Clair 
Reverend Mr Matthew Clarke 
Mr William Clark 
Bartholomew Clarke, Efqi 
Charles Clarke, ^Lincolns-Ion, 

George Clarke, E/f, 
SimuclClarkc, of the Inner-Tcm- 
plc, £/a; 

Rtvirmd Mr Alurcd Clarke, Pra- 
hndars of Wincheftcr 
Rev. Jonn Clarke, D. D. DtM 
of barum 

Mr John Clark, A. B, (/Trini- 
ty College, Cambridge 
Matthew Clarke, M* D, 

Rev. Mr Reiib. Clarke, Keiior 
of Norton, Leiccfterfliire 
Rrv. Mr Robert Clarke. ^/jBriilol 
Rev, Samuel Clarke, D. O. 

Mr Thomaa Clarke, Merchant 
Mr Thomas Clarke 
Rev Mr Clarkl'oo, of Peter- 
Houfe, Cambridge 
Mr Richard Clay 
William Clayton, e/Marden, Efqi 
Samuel Clayton, Eff^ 

Mr William Clayton 
Mr John Clavton 
Mr Thomis Clegg 
Mr Richard Clements, of Of- 
ford, Bm feller 
Theophiius Clements, E/q} 

Mr George Cliflbrd, jaa. of 
AmfUrdaro 

George Clitherow, £/^ 

George Clive, Efqi 
Dr. Clopton, of Bury 
Stephen Clutter buck, Efqi 


Henry Coape, E/fj 
Mr Nathaniel Coatfworth 
Rfv, Dr. CobdcD, Chaplain t9tba 
Bijhop of London 
Hon. Col. John Codriogton, rf 
Wraxal), Somerfetihire 
Right Hon, Marmaduke Coghill, 
Rfqi 

Francis Coghlan, Efqi 
Sir Thomas Coke 
Mr Charles Colborn 
Benjamin Cole, Gent. 

Dr Edward Cole 
Mr Chridian Colebrandt 
James Colcbrookc, Efqi 
Mr William Coleman, Merchm 
Mr Edward Collet 
Mrs Henrietta Collet 
Mr John Collet 
Mrs Mary Collett 
Mr Samuel Collet 
Mr Nathaniel Collier 
Anthony Collins, f.[q\ 

Thomas Collins, of Gfcenwicb, 
M. D* 

Mr Peter Collinfon 
Edward Colmorc, EtUov of 
Magdalen College, Oxon 
Rov, Mr John Colfon 
Mrs Mar^rct Colftock, </Chi- 
cheftrr 

Capt. John Colfll ^ 

Rend de la Combe, £/f, 

Rev. Mr John Condor » 
John Conduit, £/^i 
John Coningham, M. D^ 

Hu Excellent Willhm Conolly, 
one ef the Lordt Juf icet of 
Ireland 

Mr Edward Connable, of ReatT* 
in& 

Rev. Mr Conybearc, M. A, 

Rev. Mr James Cook 
Mr John Cooke 
Mr Benjamin Cook 
William Cook, L. of St. John’s 
College, Oxop 
Japiei Cooke, Ef<^ 

John ( ookc, Efq\ 

Mr Thomas Cooke 
Mr Wdliim Cooke, Bellow of 
St. John's C ollege, Oxon 
Rev, Mr Cooper, ^North-Hail 
C harlcs Cope, £y^» 

Rev. Mr Barclay Cope 
Mr John Copeland 
John Copland, M. B, 

Godfrey Coplcy,^ Efqi 


Sir Richard Corbet, 

Rev. Mr Francis Corbett . 

Mr Paul Corbett 
Mr Thomas Corbet 
Henry Cornclifcn, Efn 
Rev, Mr fohn Cornifli 
Mrs Elizabeth Cornwall 
Library cf Corpuc Cbrifti CoN 
lege, Cambridge 
Mr William CdSley, ^Briftoh 
Book/elUf p 
Mr Solomon ^ Coda 
Dr, Henry C<<ihrd 
Dr. Cotes, of ‘’omfret 
Caleb CotcfwoVtff, m. 

Peter Cottingham, £/^ 

Mr John Cottineton 
Sir John Hinde (Jetton 
Mr James Coulter 
George Courthop, ef Whilighrtf 
Sufrex, ^qi 
Mr Peter Courthope 
Mr John Coufsmakcr, yVm. 

Mr Henry Coward, Venhant 
Anthony AIhley Cowper, Efq; 
The Hon. Spencer Cowper, Eftp 
One of the Juftices of the Court 
of Common Pleas 
Mr Edward Cowper 
Rev. Mr John Cowper 
Sir Charles Cox 
Samuel Cox, £/^ 

Mr Cox, ef New Coll. Oxon 
Mr Thomas Cox 
Mr Thomas Cradock, M, A, 
Rev. Mr John Cfaig 
Rev. Mr John CranEoo, 
deacon i/Cloghor ' 

John Crailcr, £/j; \ 

Mr John Creech 
James Cretd, £y^;' 

Rfv. Mr William Crery 
John Cre^, of Crew Hill, in 
Chefhire, E[q\ 

Thomas Cnfp, E/q; 

Mr Richard Cnfpc 
Rev. MrSa»nuel Cufwick 
Tobias Ci^ft, ef Trinity Col- 
lege, Cambridge 
Mr John Crook 
Rev, Dr CrolTc, Utfler ef Ka^ 
therinc Hail 

Chriflopher Crowe, £/« ' 

George Crowl, Eftpi ^ 

Hon. Nathaniel Crump, Efq) ef 
Antigua 

Mrs Mary Codwortb 
Alexander Cunoiogham, £y^ 

henry 
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Utery Cuaiioghim. tfyi 
Mr Cunninghtm 
Vr Curtis if Srvenoak 
Mr William Curtis 
Hcory Curwcn, Efyi 
Mr John Cafwali, of London, 
hUrchmfit 

Dr Jacob de Caftro Sarmento 


Hii GrMCt the Ihtkt V Dcvonfhire 
Hu Grace the Dukemf Dorfec 
Right Enpn^jMn/a/ Durham 
Right R^. Ld BiJhop of St, Da- 

Lord Delaware 
Right Hon, Lord Digby 
Right Rev. Lord Bifxif of Derry 
Right Rev, Lord Bi/hop of 
Donne 

Rt. Rev. Lord Bifiop of Dromorc 
Right Han. Dalhn, Lord Chief 
Ear on o/^lrdand 
Mr Thomas DaUf 
Ci^t. John Dagge ' 

M^r Timothy Dallowe 
Mr Jannes Danzey, Surgeon 
Rn. Dr Richard Daniel, Dettn 
(?/ Armagh 
Mr Danvers 

Sir Conicri Darcy, Knight of 
the Bath 

Mr Sci^eant Darnel 
Mr jofeph Dafh 
Peter Da vail, 2^, 
ilco^Daveoanr, Efft 
^/tet Davenport, ef the Inocr- 
/^Temple, % « 

Srr Jermyn Davers, Rm* 

Capt, Thomas Davers 
Aleaaodcr DaVie, 

Rev. Dr, Davies , Mofler of 
Queen’s College, Cambridge 
Mr John Davies, of Cbrift- 
Church, Oxon 
Mr Davies, Attorney Ut Low 
Mr William DawkinsrAferrA. 
Rowland Da^kin, 1 / Glamor- 
gan fhirc^ Efq\ 

Mr John Davlrfoo 
Edward r^iwfon, 

Mf‘Ric^rd Dawfoi^ 

William Dawfonne, EJ&j 
Thomas Day, E/^j 
Mr John Day 
Mr Narhasiel Day 
Mr Dttcoa 


Mr William Deane 
Mr Jamci Deardeo, ef Trinity 
College, Cambridge 
Sir Matthew Deckers, Bar/. 
Edward Deering, E/^i 
Simon Degge, Efyi 
Mr Staunton Degge, A, B, 
Trinity Col. Cambridge 
Rev. Dr Patrick Delaney 
Mr Del ham moil 
Rev. Mr Denne 
Mr William Denne 
Capt, Jonathan Dennis 
Daniel Dcring, E/^i 
Jacob Dcsboveric, Efqi 
Mr James Dcvcrcil, Surgeon 
in Briftol 

Rev. Mr John Diaper 
Mr Rivers Dickenfon 
Dr, George Dickens, of Liver- 
pool 

Hon . Edward Digby, EjJjj 
Mr Dillingham 
Mr Thomas Dinely 
Mr Samuel Dilncy, ef Bennet 
College, Cambridge 
Robert Dixon, EJip 
Pierce Dodd, Af. D. 

Right Hon. Geo. Doddioton, F/^\ 
Rev, Sir John Dolben, a/Findoo, 
Bert. 

Nchemiah Donellan, E/qf 
Paul Doranda, Efqi 
Jamw Douglas, M D. 

Mr Richard Dovey, A- B, of 
Wad ham College, Oxon 
John Dowdal,*E/^} 

William Mac Dowell, Efqi 
Mr Peter Downer 
Mr James Downes 
Sir Francis Henry Drake, Knr. 
WilliamlDrake, ^Baraoldlwick- 
Cotes, E^y 

Mr Rich. Drewett, of Farcbam 
Mr Chriftopber DrilHeld, of 
Chrid-Cburcb, Oxon 
Edmund Dris, A. Af.. EeUow 
Trinity Coll, Cambridge 
George Drummond, Efqi Zjord 
Provcjl «f Edenburgb 
Mr Colin Drummond, Trtfejfor 
ef Philefophjt tn the Vmverl.ty 
of Edinburgh 
Henry Dry, E[q\ 

Richard Ducanc E/^i 
Rev. Dr Pafchal DucaH^ Dtg» 
efPntnx 


George Ducket. 

Mr Daniel Dufremay 
Mr Thomas Dugdale 
Mr Humphry Duncilfc, Merfhemt 
Mr James Duncto 
John Duncombe, Bfqi 
of Mr William Duncombe 

John Diindafs, jnn, of Duddin^* 
l^own, Efqi 
William Dunftar, Efq; 

James Dupont, ef Trinity ColL 
Cambridge 

R 

Right Rev. and Right ffou. Lord 
Erskine 

Theophiius, lord Bi/hop ofElpkim 
Mr Thomas Eames 
Rev, Mr. Jibez Easlc 
Mr William Eaft 
Peter Eaton 
Mr John EccJelhin 
James Eckcrfall, E/^ 

— — Edgccumbc, Efqi^ 

Rev, Mr fiigley 
Rev, !> Edmundfon, Prepdenu 
of «$*/* John’s Col). CaniDiridgit 
Arthur Edwards, Efqi 
Thbmas Edwards, Efq^ 

Vigerus Edward/, Efqi 
C4pt. Arthur Edwards 
Mr F.d wards 
Mr William Elderton 
Mrs Elizabeth Elgar 
Sir Gilbert Eliot, tf MtntOy BaetH 
one of the Lorde of ScHioii 
Mr John Elliot, Mtrchmt 
George Ellii, ^ Barbuioe,, tfat 
Mr John Ellifoo, »/ Sheffield 
Str Ridhird Ellya, Bnrt. 

I^ibrary of Emanuel. College- 
Cambridge * 

Francis Emerton. Gom. 

Thomas Emmcribn, E/q^ 

Mr Henry Emmet 
Mr John Emmet 
Thomas Empfon, of tho Middle* 
Temple, Efqi 
Mr Thomas Efngeir 
Mr Robert England 
Mr Nathaniel Englifh 
Kov, Kir Enfly, Kimepor ef iBo 
Scotch Church in Kotterdan) 
John ElTington^ Efyi 
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Rft'. Mr Charles Eftc, u/Chrift- 
Church, Oxon 

Mr Hugh F.rhcrfey, Apothetary 
Henry Evans of iu ry, E/^, 
H'aac Ewer, Efjy 
Mr Charles Ewer 
Kiv. Mr Richard Exton 
.V/r John Eyies, linr. 

Sir Joteph Eyics 
lii^ht Hon. Sir Robert Kyre, Lord 
Cljiff ynjhci of tht Cofnmon 
PUms. 

Edward Eyre, Efj\ 

Henry Samuel Eyre, Ef([i 
Kmgfmill Eyre, £/fi 
Mr Eyre 


F 

Ejght Rev. Jofiah, Lord B'lftop of 
Femes W Loghlin 
Den Uccr Fagrl 
Mr Thomas Fairchild 
Thomas Fait fax, cf the Middle 
Temple, Lff, 

Mr John Falconer, Mmhant 
Daniel Faikiner, F/f, 

Charles Farewell, Ffiji 
Mr Thomas Farnaby, of Merton 
College, Oxon 
Mr William Farrcl 
James Farrel, Ffq, 

Thomas Farrer, £fq\ 

Dennis Farrer, Ffq-, 

John Farrington, Ffqi 
Mr Faukener 
Mr Edward Faulkner 
Francis Fauquicre, 

Charles De la Eiy,Efq, 

Thomas De lay Fay. kfq\ 

CAft. Lewis De la Fay 
Nicholas Faiakerly, 

Cevemoar Fcakc 
Mr John Fell, tf Attcrcliffc 
Martyn Fellowcs, 

Cofton Fellows, Efqi 
Mr Thomas Fellows 
Mr Francis Fennell 
Mr Michael Fenwick 
John Ferdinand, of the Inner- 
Temple, Efq, 

Mr James Feme, Sitrieon 
Mr John Ferrand, ^ Trinity 
College, Cambridge 
Mr Daniel MuiTiphia Fidalgo 
Mr Fidler 

nett. Mri Celia Fieonet 


Hert. and Rev. Mr. Finch, Dean 
cf York 

Hon. Edward Finch, Efq\ 

Mr John Finch 
Philip Fincher Ffq\ 

Mr Michael hi;ih, of Trinity 
College, Cambridge 
Hon. John I'itz.-Morns, Efq\ 

Ml F.crchcr 
Martin Foikes, Efqi 
Dr Foot 

Mr Francis ForHIer 
John Forefter, Efq, 

Mrs Alice Forth 
Mr John Fort he 
Mr Jofeph Foskett 
Mr Edward \ oftcr 
Mr Peter Foftcr 
Peter Foulkcs, D. D. Canon of 
Chnfl-Church, Oxon 
Rev. Dr. Robert Foulkcs 
RfX'. Mr Robert Foulks, M. A. 
Fellow of Magdalen College, 
Cambridge 

Mr Abel Founcrcau, Merchant 
JMr Chnfliopher Fowler 
Mr John Fowler, ^/Northamp. 
Mr Jofeph Fowler 
Hon, S$r William Fowocs, Bar, 
George Fox, Efqi 
Edward Foy, Efqi 
Rev. Dr. Frankland, Dean of 
Glouccdcr 

Frederick Frankland, Efqi 
Mr Jofeph Franklin 
Mr Abraham Fivnks 
Thomas Frederick, Efqi Gentle- 
man Commoner of Hew College, 
Oxon 

Thomas Freeke, Efji 
Mr Jofeph Freame 
Richard Freeman, Efqi 
Mr F'rancis Freeman, pf Briflol 
Ralph Freke, tfq, 

Patrick Fiench, Efqi 
Edward French, M, D, 

Dr. Frewin 
John Freind, M, D. 

Mr Thomas Froft 
Thomas Fry, i/Hanhatn, Glou- 
cederfhire, ^qi 
Mr Rowland Fry, Mercbtmf 
Francis Fuljani, Efqi 
Rev. Mr Fuller, Feilovo ef Ema- 
nuel College, Cambridge 
Mr John Fuller 
Thomas Fuller, M. D. 

Mr William Fullwood, •/’Hun- 
tingdon 


Rev. James Fynocy, D. D. Pre- 
bendary of Durham 
Capt. Fyfhc 

Mr Francis Fayram, Bookfellerm 
London 

G 

Ho Grace the^Duke of Grafton 
Right Hon. El’l of Godolphin 
Right Hon jlxdy 15ctty Germain 
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IhNTRODUCTION. 


i H E manner, in which Sir Isaac Newton 
has publiflied his philofophical difcove- 
ri^s, occafions tlicm to lie very much 
concealed from all, who liave not made 
the matficmatics particularly their ftu- 
dy. He once, indeed, intended to de- 
liver, in a more familiar way, that part 
of his inventions, which relates to the fyftem of the world ; 
l)ut upon faj^dier confideration he altered his defign. For as 
the nature ot • thole difeoveries made it impolllble to prove 
them upon any other than geometrical principles ; he appre- 
hended-, that thofe, who fhould not hilly perceive the force 
of his*^rguiiSents, would hardly be prevailed on to exchange 
their former lentiments for new opinions, lb very different from 
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what were commonly received He therefore chofe ratlicr 
to explain himfelf only to mathematical readers; and declined 
the attempting to inftru£t fuch in any of his principles, who, 
by not comprehending his method of reafoning, conld not, at 
the firft appearance of his difeoveries, have be^i |^erfiiaded ot 
their truth. But now, flnce Sir I s a a c N e w t o n’s doctrine 
has been fully eftablifhed by the unanimous approbation of all, 
who are qualified to underfiand the liime ; it is without doubt 
to be wifhed, that the whole of his improvements in philofo- 
phy might be univerfdly known. For this purpofc therefore- 
I drew up the following papers, to give a general notion of far 
great philofopher’s inventions to fuch, as are not prepared to 
read his own works, and yet might defire to be informed ot 
the progrefs, he has made in natural knowledge; not doubting 
but there were many, bcfidcs tliofe, whofe turn of mind had 
led them into a courfe of mathematical ftudics, that would take 
great pleafiire in tailing of this delightful fountain c^jcitnee. 

V 

Z- It is a juft remark, which has been made upon the hu- 
man mind, that nothing is more fuitable to it, than tlie con- 
templation of truth ; and that all men are moved with a ftrong 
defire after knowledge ; efteeming it honourable to excel 
therein ; and holding it, on the contrary, dil^lceful to mi- 
ftake, err, or be in any way deceived. And’this lentiment 
is by nothing mote fully illuftrated, than by the inclination 
of men to gain an acquaintance with the opegjions of na- 
ture ; which difpofition to enquire after the caufes of things is 

. lb- 


* Pliilofoph, Nat.prlnc. nuth. L. iii, uitrotlv.O. 
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fo general, that all men of letters, I believe, find thcmfelves 
influenced by it. Nor is it difficult to alfign a reafon for this, 
if we confidcr only, tliat our defire after knowledge is an ef- 
feft of -that tafte for the fublime and the beautiful in things , 
which chi^y- conftitutes the difference between the humah 
life, and tlie life of brutes. Thefe inferior animals partake 
with us of tlie pleafures, diat immediately flow from the bo- 
dily fenfes and appetites ; but our minds are furnifhed with a 
fuperior fenfe, by which we are capable of receiving various 
degrees of delight, where the creatures below us perceive no 
difference. Hence arifes that purfuit of grace and elegance in 
ouf'ifioughts and a6lions, and in all things belonging to us, 
which principally creates imployment for the adtive mind of 
man. The thoughts of tlie human mind are too extenfive 
to be confined only to the providing and enjoying of what is 
neceflary for the fupport of our being. It is this tafte, which 
has given rife to poetry,, oratory, and every branch of litera- 
ture afltWcience, From hence we feel great pleafure in con- 
ceiving ftrongly, and in apprehending clearly, even where 
the paffions arc not concerned. Perfpicuous reafoning aj>- 
pears not oiilj beautiful ; but, w hen fet forth in its full 
ftrength and dignity, it partakes of the fublime, and not 
only pleafbs, but warms and elevates the foul. This is tlic 
fourcc of our ftrong defire of knowledge j and the fame 
tafte for ’the fublime and tlie beautiful direds us to chufe 
paiticularly the produdions of nature for the fubjed of our 
contomplatio.i : our creator having fo adapted our minds to 
tlie condition, wherein he has placed us, that all his vifible 
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works, before we inquire into their make, ftrike us with 
the moft lively ideas of beauty and magnificence. 

. 3. But if there be fo ftrong a paflion in contemplative 
n^nds for natural philofophy ; all fuch muft certaijjly receive a 
particular pleafure in being informed of Sir Isaac Newton’s 
difcoveries, who alone has been able to make any great 
advancements in the true courlc leading to natural know- 
ledge : whereas tliis imjwrtant fubje^t had before been u- 
fually attempted with that negligence, as cannot be re- 
fledted on without furprize. Excepting a very few, who, \^i 
purfuing a more rational method, had gained a little aue 
knowledge in feme particular parts of nature ; the writers in 
this fciencc had generally treated of it after fuch a manner, as 
if they thought, that no degree of certainty u’as ever to be ho- 
ped l()r. I’he cufiom was to frame conjedures ; and if upon 
comparing them witli things, there appeared fome kind of a- 
greement, though very imperfed, it was held fufficient^ Yet 
at the fame time nothing lefi was undertaken than indre fy- 
ftems, and fathoming at once the grcatell; depths -of nature ; 
as if the fecret caufes of natural effeds, contrived and framed 
by infinite wifdom, could be fearched out by the flighteft 
endeavours of our weak underftandings. Wherpus the only 
metliod, that can afford us any profped of (uccefi in this 
difficult work, is to make our enquiries with the utmoft 
caution, and by very flow degrees. And after our moft dili- 
gent labour, the greateft part of nature will, no (tuubt, -for e- 
ver remain beyond our reach. 


4. Th :'s 
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This negleifl of the proper means to enlarge our 
knowledge, joined with the prefuinption to attempt, what 
was quite out of the power of our limited faculties, the Lord 
B A trJIT'jjidicioufly obferves to be the great obftru<flion to the 
progrefs ofVlehce *. Indeed that excellent perfon was tlie firft, 
who exprefly writ againft this way of philol()phizing ; and he 
has laid open at large theabfurdity of it in his admirable treatilc, 
intitled Novum organon scientiarum; and has there 
likewife deferibed the true method, which ought to be followed, 

• f. There are, faith he, but two mctliods, that can be 
takel^ in the purfuit of natural knowledge. One is to make 
a hafty tranfition from our firft and flight obfervations on 
things to general axioms, and then to proceed upon thole 
axioms, as certain and unconteftable principles, without far- 
ther examination. The other method ; ( which he oblcrvcs 
to be the only true one/ but to his time unattempted ; ) is to 
proceeT“cautioufly, to advance ftep by ftep, relerving the 
moft; general principles for the lafl: rcllilt of our inquiries ^ 
Concerning the firft of thefe two methods ; where objciftions, 
which happen to apjxrar againft any fuch axioms taken up in 
hafte, are evaded by fome frivolous diftindtion, when the ax- 
iom it felf flight rather to be corredled ; he affirms, that 
the united eftdeavours of all ages cannot make it fuccelsful ; 
bccaufc this original error in the firft digeftion of the mind 
( as he’ exprefles himfelf ) cannot afterwards be remedied ; 
whereby he would fignify to us, tliat if we fet out in a 

* Nov. Org Scient. L. i. Aphorifjii, 9. I ^ Ap’i. 30 Error."; rad icalc^ & in prinia <li- 

^ Nov Org. L. I. Aph. 19 I gcftiorc mvniii ab cxcclluntia funilionuni &c ic- 

< Ib.d. Aph. 25. 1 medioram fcqucn’iuni non cur.mtuj . 
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wrong way ; no diligence or art, we can ufe, while wc 
follow fo erroneous a courfe, will ever bring us to our de- 
ligned end. And doubtlefs it cannot prove otherwife j for 
in this fpacious field of nature, if once we forfake -thc -tru6 
pfeth, we (hall immediately lofe our felves,’ muft for 
ever wander with uncertainty. 

d. T H E impofiibility of fucceeding in fo faulty a method 
of philofophizing his L.ordfliip endeavours to prove from the 
many falfe notions and prejudices, to which the mind of man 
is expofcd ^ And fince this judicious writer apprehends, tl^t 
men are fo exceeding liable to fall into tliefe wrong trafli of 
thinking, as to incur great danger of being milled by them, 
even while they enter on the true courfe in purfuit of na- 
ture ^ j I trull, I fhall be excufed, if, by infilling a little par- 
ticularly upon this argument, I endeavour to remove what- 
ever prejudice of this kind, might polTibly entangle the mind 
of any of my readers. 

7. H I s Lordfhip has reduced thefe prejudice and fiilfe 
modes of conception under four dillinft heads 

( 

8. The firll head contains fuch, as we are llibjed to from 
the very condition of humanity, through the we^knefs' both 
of our fenlcs, and of the faculties of the mind feeing, as 
this author well obferves, the fubtilty of nature far exceeds 
the greatell fubtilty of our lenles or acutell reafonings *. One 

•.j 

• Aph. 3S. I < Arh 41. 

** fbid. j « Aph. 10, 24. 

- Aph. 39. I 
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of the falfe modes of conception, which he mentions un- 
der this head, is the forming to our felvcs a fancifid fim- 
plicity and regularity in natural things. This he illuftrates 
byi4tc"f9llowing inftances ; the conceiving the planets to 
move in p^rfeft circles ; the adding an orb of fire to the h- 
thcr three elements, and the hippofing each of thefe to ex- 
ceed the otlicr in rarity, juft in a decuple proportion \ 
And of the fame nature is the aflertion of Des Cartes, 
without any proof, that all things are made up of three 
kinds of matter only As allb this opinion of another 
philolbpher ; that light, in pafting through different me- 
diuiii^, was refraded, fo as to proceed by that way, through 
which it would move more Ipeedily, than through any o- 
ther The fecond erroneous turn of mind, taken notice of 
by his Lordfhip under this head, is, that all men are in fome 
degree prone to a fondnefs for any notions, which they have 
- once imbibed ; whereby they often wreft things to reconcile 
thcm'toThofe notions, and negled the confideration of what- 
ever will not be brought to an agreement with them ; juft as 
thofe do, v?ho are addided to judicial aftrology, to the ob&r* 
vation dreams, and to fuch-like fuperftitions ; who care- 
fully preferve the memory of every incident, which ferves to 
confihn tKfeij prejudices, and let flip out of thw minds all in- 
ftances, that.jnake againft them ^ There is alfo a farther impe- 
diment to true knowledge, mentioned under the lame head by 
this noble writer, which is ; that whereas, through the weak- 
nefs and imperfedion of our fenfes, many things arc concealed 


* Aph 4). 

* DcCartC! Princ Phil. Ptirtj. J. 52. 


* Fermat, in Oper. pag 156, Sec, 
f Nov. Org. Aph. 46. 
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from us, which have the greateft effect in producing natural 
appearances ; our minds are ordinarily moft afFedled by 
that, which makes the ftrongeft impreffion on our organs 
• <}f fenlc ; whereby we are apt to judge of the re^l-impor- 
tdnce of things in nature by a wrong mealure *. ..Go, becaule 
the figuration and the motion of bodies ftrike our fenfes more 
immediately tlian moft of tlieir other properties, Des Cartes 
and his followers will not allow any other explication of natu- 
ral appearances, than from the figure and motion of the parts 
of matter. By which example we fee how juftly his Lord- 
fhlp obferves this caufe of error to be the greateft of any ; 
fmee it has given rife to a fundamental principle in a fyftem 
of philofophy, that not long ago obtained almoft an univer- 
fal reputation. 

9. These are the chief branches of thofe obftrudions to 
knowledge, which this author has /educed under his firft . 
head of falfe conceptions. The fecond head contains thq 
errors, to which particular perfons are more efpecially obno- 
xious . One of thefe is the confctjuence of a preceding ob- 
fervation : that as we arc expofed to be captivated by any opi- 
nions, which have once taken pofleftion of our minds ; fo in 
particular, natural knowledge has been much corrupted by 
the ftrong attachment of men to fome one paj: of fcience, 
of which they reputed themfclves the inventers , or about 
which they have Ipent much of tlieir time ; and hence have 
been apt to conceive it to be of greater ufe in the ftudy or na- 

;Aph.SO. I cAph.53. 
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tiiral philofopliy than it was : like Aristotle, who redu- 
ced his£hyfics to logical difputations ; and the chymifts, who 
thought, that nature could be laid open only by the force 
o£. tlu ir fires \ Some again are wholly carried away by an . 
ejccllivc 'cneration for antiquity ; others, by too great foq^- 
nefs for the moderns ; few having their minds fo well balanced, 
as neither to depreciate tlie merit of the ancients, nor yet to 
defpife the real improvements of later times ^ To this is 
added by his Lordfliip a difference in the genius of men, 
that fome are moft fitted to obferve the fimilitude, there is in 
things, wliile others are more qualified to difeern die par- 
tisMjars, wherein they difigree ; both which difpofitions of 
mind arc ufeful: but to the prejudice of philofophy men are 
apt to run into excefs in each ; while one fort of genius dwells 
too much upon the grols and fum of things, and the other 
upon trifling minutenefles and fliadowy diftindtions ^ 

Und E R the tliird head of prejudices and falfe notions 
this writer confiders fuch, as follow from the lax and indefi- 
nite life of words in ordinary difeourfe ; which occafions great 
ambiguities and uncertainties in philofophical debates (as ano- 
ther emineift philofopher has fince lliewn more at large '*;) in- 
fomuch diat tliis our author thinks a flridl defining of terms to 
bir^arcc aivinfallible remedy againfl: this inconvenience And 
perhaps he^ias no fmall rcafon on his fide: for the common 
inaccurate fenfe of words, notwithftanding the limitations 
given by definitions, will offer it felf fo conftandy to 

* Aph. I ^ I-ockc, On human undcrRinding, B l«i 

*' /'th ^6. I • Nov. Org. Aph 59. 

‘ /il» KS ’ 1 
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the mind, as to require great caution and circumfpedion 
for us not to be deceived thereby. Of this we have a very 
eminent inftance in the great difputes, that hav e been raifeti 
about the life of the word attraction in philofophyj of which 
w^ (hall be obliged hereafter to make particular mentioixj^ 
Words thus to be guarded againft are of two kinds. Some 
are names of things, that are only imaginary ’’ ; fuch words 
are wholly to be rejected. But there are other terms, that al- 
lude to what is real, though their fignification is confufed ‘ . 
And thefe latter muft of ncceflity be continued in ufe ; but 
their fenfe cleared up, and freed, as much as pofliblc, from 
obfeurity. 

II. The laft general head of thefe errors comprehends 
fuch, as follow from the various feCts of falfe philofophics ; 
which this author divides into three ferts, the fophiftical, em- 
pirical, and fuperftitious By the firft of thefe he means 
a philofophy built upon fpeculations only without i^jiperi- 
ments ' ; by the fecond, where' experiments arc blindly ad- 
hered to, without proper reafoning upon them ^ j and by 
the third, wrong opinions of nature fixed in mens minds ei- 
ther through falfe religions, or from mifunderftanding the 
declarations of the true 


II. T H E s E are the four principal canals, by vMiich this ju- 
dicious author thinks, that philofophical errors have flowed in 
upon us. And he righdy obferves, that the faulty method of 


• In the conclufion. 

^ Nov. Org. L. i. Aph. 59. 
f Ibid Aph. 60. 

^ Ibid. Aph. 6s. 
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proceeding in philofophy, againft which he writes *, is fo far 
-'Irom aflifting us towards overcoming thefe prejudices ; tliat 
he apprehends it rather fuited to rivet them more firmly to the 
mind How great reafon tlien has his Lordfliip to call this 
of pliilofophizing the parent of error, and the bane 
all knowledge ? For, indeed, what elfe but miftakes can fo 
hold and prefumptuous a treatment of nature produce? have 
we the wifdom necefi'ary to frame a world, that we fliould 
think fo eafily, and with fo flight a fearch to enter into the moft 
icci ct fprings of nature, and difoover the original caufcs of 
tilings ? \vhat chimeras, what monfters has not this prepofte- 
nnis -method brought forth ? what fchemes, or what hypothe- 
lis’s of the fubtilcft wits has not a ftrider enquiry into nature not 
r-nly overthrown, but manifefted to be ridiculous and abford ? 
H\'ery new improvement, which we make in this fcience, lets 
us fee more and more the weaknefs of our guefles. Dr.HARVEV, 
^ly fhat one difeovery ,of the circulation of the blood, has 
dillq^Jrted all the fpcculations and reafonings of many ages up- 
on the animal oeconomy. A s e l l i u s, by detecting the la- 
cteal veinsf flicwed how little ground all phyficians and phi- 
lofophers had in conjedluring, that the nutritive part of the 
aliment was abforbed by the mouths of the veins fpread upon 
the boweh : and then Peccluet, by finding out the thora- 
cic dud, as^idiaitly proved the vanity of the opinion, which 
was jxirfified in after the ladeal vcflels were known, that the 
alimental ^uice was conveyed immediately to the liver, and 
Jth«fe«S0Hrcrtcd into blood. 

• S« i'-ovc, 5 4 , I t I')U. 

^ N n.Or/. L. i. .Aph. 69 I 
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I ^ . As thefe things fet forth the great abfurdity of pro- 
ceeding in philofophy on conjediires, by informing us how far 
the Operations of nature are above our low conceptions ; fo 
‘ (^ii the other hand, fuch inftances of fuccefs from a more 
jiVdi cious method flicw us, that our bountiful maker 
rtot left us wholly without means of delighting our felves in 
the contemplation of his wifdom. 'I'hat by a juft way of 
inquiry into nature, we could not fail of arriving at difcoverics 
very remote from our apprehenfions ; the Lord Bacon him- 
felf argues horn the experience of mankind. If, lixys he, the 
force of guns fliould be deferibed to any one ignorant of 
them, by their efieds only ; he might realbnably fuppolc^-that 
thofe engines of deftrudion were only a more artificial com- 
pofition, than he knew, of wheels and odicr mechanical 
powers : but it could never enter his thoughts, that tlieir 
immenfe force fliould be owing to a peculiar fubftance, 
which would enkindle into fo violent an explofion, as we 
experience in gunpowder : ftnee he would no whrr^^ fee 
the leaft example of any fuch operation ; except perhaps in 
earthquakes and thunder, which he would doubtlefs look 
upon as exalted powers of nature, greatly furpafling any art of 
man to imitate. In the lame manner, if a ftranger to the ori- 
ginal of filk were lliewn a garment made of it, he would be 
\'ery far from imagining fo ftrong a fubftance tq’be fpun out 
of the bowels of a frnall worm ; but muft cercaiRly believe 
it either a vegetable fubftance, like flax or cotton ; or the na- 
tural covering of fome animal, as wool is of fliecp*^ Or, had 
wc been told, before the invention of the magnetic needle 
among us, tliat another people was in poffeflion of a certain 

contrivance' 



INTRODUCTION. 15 

contrivance, by which they were inabled to difeover the po- 
■dStion of the heavens, with vaftly more eafe, than we could 
do ; what could have been imagined more, than that they 
were provided with fome fitter aflronomical inftrument for ' 
thi* pur}X)fe tlian we ? That any ftone fhould have fb ama^ 
ing a property, as we find in the magnet, mull have been 
the remoteft from our thoughts 

14. B u T what furprizing advancements in the knowledge 
of nature may be made by purfuing the tnie courfe in philo- 
lophical inquiries ; when thofe fearches are conduded by a 
geniuicqual to fo divine a work, will be beft underftood by 
confidcring Sir Isaac N e w t o n’s difeoveries. That my 
reader nuy apprehend as juft a notion of thefe, as can be con- 
veyed to him, by the brief account, which I intend to lay bc- 
lore him; I have let apart this introdudion for explaining, in 
the fulleft manner I anj able, the principles, whereon Sir 
iT\ A^- Newton proceeds. For without a clear concep- 
tion of thefe, it is impolfible to form any true idea of the 
fingular exocllcncc of the inventions of tliis great philofophcr. 

I y. The principles then of this philofophy arc ; upon no coji- 
fideration to indulge conjedures concerning the powers and 
laws of natu^hiit to make it our endeavour with all diligence 
to fearch €rtlftne real and true laws, by which the conftitution 
of things^ regulated. The philofophcr’s firft care muft be 
he'fees to be within his power, from what 


is 
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is beyond his reach ; to affume no greater degree of know- 
ledge, than what he finds himfelf poflefled of; but to advance 
by flow and cautious fteps ; to fearch gradually into natural cauf- 
^s ; to fecure to himfelf the knowledge of the mofl; immediate 
aaufe of each appearance, before he extends his views farther 
to caufes more remote. This is the method, in which philofo- 
phy ought to be cultivated ; which does not pretend to fo great 
things, as the more airy fpeculations ; but will perform abun- 
dantly more : we {hall not perhaps feem to the unskilful to 
knr)w fo much, but our real knowledge will be greater. And 
certainly it is no objeftion againft this method, that fome o- 
tliers promife, what is nearer to the extent of our wifhes': fince 
this, if it will not teach us all we could defire to be informed 
of, will however give us fome true light into nature ; which no 
other can do. Nor has the philofopher any rcafon to think 
liis labour loft, when he finds himfelf ftopt at the caufc firft 
difeovered by him, or at any other more remote caufojJ[lio’-.t ^ 
ol the original ; for if he has .but fufficiently proved any one 
caufe, he has entered fo far into the real conftitution of things, 
has laid a lafe foundation for others to work upon, and 
has facilitated their endeavours in the fearch after yet more 
diftant caufes ; and bcfidcs, in the mean time he may apply 
the knowledge of thefe intermediate caufes to many ufeful 
purpofes. Indeed the being able to makic- ^ja^dioil dedu- 
dions from natural caufes, conftitutes the great diftindion 
bet\vcen the true philofophy and ^e falfe. Caufes af- 
fumed upon conjecture, muft be fo looie and undefined, 
that nothing particular can be collected from them. But thofe 
caufes, which are brought to light by a ftrid examination 

of 
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! of things, will be more diftind. Hence it appears to have 
^’cn no imiilefiil difeovery, that the afeent ot water in pumps 
[is owing to the prefllire of the air by its weight or fpring; 
t though the caufes, which make the air gravitate, and render^ 
■ it^^lflftic, be unknown : for notwithftanding wc arc ign 9 r 
rant of the original, whence thefc pwers of the air are dc- 
nml yet wc may receive much advantage from the bare 
knowletlge of thefe powers. If wc arc but certain of the de- 
gree of force, wherewith they a6l,we Ihall know the extent of 
what is to be expected from them ; wc fliall know the greateft 
height, to which it is pdfiible by pumps to raife water; and 
fliall tkereby be prevented from making any ufelcfs efforts 
towards improving thefe indruments beyond the limits pre- 
feribed to them by nature ; whereas without lb much know- 
*ledge as this, we might probably have wafted in attempts of 
this kind much time and labour. How long did philofo- 
^ihersjiufy thcmfelvcs to ijo purpofc in endeavouring to perfed 
tefefedpes, by forming the glaflcs into fomc new figure ; till 
Sir I s -v A c Newton demonftrated, that the effeds of tclc- 
fcopcs were limited from another caufe, than was fuppofed ; 
which no alteration in tlie figure of the glaffcs could remedy r 
What method Sir Isaac Newton himfelf has found for 
the improvement of telcfcopes fhall be explained hereafter 
But at prefent lAaU proceed to illuftratc, by fbme farther inftan- 
cesj this difllm^fhing charader of the true philofbphy, which 
wc have rtljw under confideration. It was no trifling difeove- 
ry.^, thnt tkg’cbfitr'adibn^f the mufcles of animals puts their 
limbs in motion, though the original caufe of that contradion 

‘ Book III. Chap iv. 
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remains a fecret, and perhaps may always do fo ; tor tlK 
knowledge of thus much only has given rife to many fpccit^ 
lations upon tl\e force and artificial difpofition of tJie mufcles, 
\and has ojiened no narrow profped into the animal fabrick, 
'S^he finding out, that the nerves are great agents in this.a- 
dion, leads us yet nearer to the original caiife, and yields us a 
wider view of the fubjed. And each of thefe fteps affords us 
affiffance towards reftoring this animal motion, when impair- 
ed in our felves, by pointing out the feats of the injuries, to 
which it is obnoxious. To negled all this, bccaule we can 
hitlierto advance no farther, is plainly ridiculous. It is 
confeflbd by all, that Galileo greatly improved philofo- 
phy, by fliewing, as wc fhall relate hereafter, that die power 
in bodies, which we call gravity, occafions them to move 
downwards with a velocity equably accelerated ’ ; and that 
when any body is thrown fonvards, the fame power obliges it 
to deferibe in its motion that line, which is called by ge^eters- 
a parabola ^ : yet we are ignorant of the caufe, which makes 
bodies gravitate. But although we are unacquainted with 
the fpring, whence this power in nature is derived, neverthe- 
lefs we can eftimatc its effeds. When a body fells perpendicu- 
larly, it is known, how long time it takes in defeending from 
any height whatever: and if it be thrown forwards, we kiiow 
the real path, which it deferibes ; we can*li^\^2nine in what 
diredion, and with what degree of fwiftnefs it muff be pro- 
jeded, in order to its ftriking againft^nv^bied ^lefired ; and 
We can alfo afeertain the very force, wherewiA 'it Ik ' 
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IsaacNevvton has farther taught, that this power of 
gravitation extends up to the moon, and cauies that planet to 
gra\'itatc as much towards the cartli, as any of the bodies, which 
arc familiar to us, would, if placed at the fame diftance " : 
he has proved likewile, that all the planets gravitate towaris 
tJie fun, and towards one another ; and that their refpedfve 
-tTMtions follow from this gravitation. All this he has demon- 
flrated upon indifputable geometrical piinciples, which cannot 
be rendered jirecarious lor want of knowing what it is, which 
caufes thefc bodies thus mutually to gravitate : any more than 
we can doubt of the propenfity in all the bodies about us, to 
defeend towards the eartli ; or can call in queftion the fore- 
rnenti'bned propofitions of G a l i l f. o, which arc built upon 
that principle. And as Galileo has Ihcwn more fully, 
than was known before, what ededs were produced in the 
motion of bodies by their gravitation towarils the earth ; fo 
Sir I s A A c N E w T o n, by this his invention, has much advaii- 
‘:al^ur knowledge in the celeftial motions. By difeovering 
that the moon gravitates towards the fun , as well as towards 
tlic earth ; he has laid open thofe intricacies in the moon’s 
motion, which no aftronomer, from obfervations only, could 
ever find out';: and one kind of heavenly bodies, the comets, 
hoA c tlieir motion now clearly afeertained ; whereof we hat! 
belorc no true knowledge at all ' . 


’ It). DtJuBAESs it might be expeded, that fuch furprizing 
fuccefs fhould liavc filenced, at once, every cavil. But we 


‘ See Cl Lip 4 
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have feen the contrary. For becaufe this philofophy profefici, 
modeftly to keep within the extent of our faculties, and k. 
ready to confefs its imperfeftions, rather than to make any 
fruitlcfs attempts to conceal them, by fecking to cover the de- 
in our knowledge with the vain oftentation of ralh and 
gr\indlcfs conjedures ; hence has been taken an occahon to 
infiniiate that we are led to miraculous caufes, and the oeCCiIl 
qualities of tlie fchools. 

17 - But the firft of thefe accuktions is very extraordina- 
ry. If by calling thefe caufes miraculous nothing more is 
meant than only, that they often appear to us wonderful and 
furprizing, it is not cafy to fee what difficulty can bc'raifed 
from thence ; for the works of nature difeover every where 
fuch proofs of the unbounded power, and the confummate 
wifdom of their author, that the more tliey are known, the 
more they will ejccite our admiration : and it is too manifeft 
to be inlifted on, that the common fcnfe of the word gaka-- 
culous can have no place here, ‘when it implies what is above 
the ordinary courfe of things. The other imputation, that 
thefe caufes are occult upon the account of our not' perceiving 
what produces them, contains in it great ambiguity. That 
fomething relating to them lies hid, tlie followers of tftis 
philofophy are ready to acknowledge, nay defire it ffiould 
be carefully remarked, as pointing out propcj-A^ds for fu- 
ture inquiry. But this is very different from the poceeding 
of the fchoolmen in the caufey calledby them oqoull. For 
as their occult quahties were underftdod to ^Teratelfi^ ifi&Pr. 
ncr occult, and not apprehended by us ; fo diey were ob- 
truded 
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«i4ided upon us for fuch original and eflential properties in bo- 
dies, as made it vain to feek any farther caufe ; and a great- 
er power was attributed to them, than any natural ap|x^arances 
authorized. For inftance, the rife of water in pumps was afcri- ■ 
bed to a certain abhorrence of a vacuum, which they thou^t 
fit to aflign to nature. And this was fo far a true obfervation, 
thaftiie water does move, contrary to its ufual courle, into 
the fpace, which otherwife would be left void of any fenfible 
matter ; and, that die procuring fiich a vacuity was the appa- 
rent caufe of the water’s afeent. But while we were not in 
the leaft informed how this power, called an abliorrcnce of a 
vacuum, produced the vifible effedts ; inftead ol making a- 
ny advancement in die knowledge of nature, we only gave 
an artificial name to one of her operations : and when the 
fpeculation was puflied lb beyond what any appearances re- 
quired, as to have it concluded, that diis abhorrence of a va- 
cuum was a power inherent in all matter, and fi) unlimited as 
Co^icnder it impoflible'for a vacuum to exift at all ; it then 
became a much greater ablufdity, in being made the foun- 
dation of a^moft ridiculous manner of realbning ; as at length 
evidently appeared, when it came to be difeovered, that this 
rife of the water followed only from the prelfurc of the air, 
and extended it felf no farther, than the power of that caule. 
The Icholaftic ftile in difeourfing of thele occult qualities, 
a$ if the^y«*v^ eflential difierences in the very fubllances, 
of which bodies confided, was certainly very abfurd; by 
reafon k tended to all farther inquiry. But no 

fuclf iir conlequences can follow from the confidering of 
any natural caules, which confeflTedly are not traced up to 
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their fiift original. How fliall we ever come to the kno\^ 
ledge of the leveral original caufes of things, otherwife than- 
by lloring up all intermediate caufes which we can difeover ? 
Are all the original and effential properties of matter fo very 
ol^vious, that none of them can cfcapc our firft view ? Thisj^ 
not probable. It is much more likely, that, if fome of the 
cd'ential properties arc difeovered by our firft obfervatiort?^ a 
ftricter examination Ihould bring more to light. 

1 8. But in order to clear up this point concerning the 
efi'ential properties of matter, let us confider die fubjeft a lit- 
tle diftinctly. We are to conceive, that the matter, ^out of 
which the univerfe ot things is formed, is furnifhed with cer-^ 
taiir qualities and powers, whereby it is rendered fit to anfwer 
the purpofes, for wliich it was created. But every property, ' 
of which any particle of this matter is in it felf poflefled, and 
which is not barely the confequence of the union of this parti- 
cle ^vith other portions of matter, we may call an eflentiaPpiTP “ 
peity : whereas all other c|ualhics or attributes belonging to 
bodies wliieh depend on tiieir particular frame and compofi- 
tion, are not efiential to the matter, whereof fuch bodies are 
maile ; bccaufe the matter of thefe bodies will be deprived 
ol thole qualities, only by the diflblution of the body, with- 
out working any change in the original conftitution of one 
fingle particle of this mals of matter. ExtchAoii^we appre- 
hend to be one ol tlicfe efiential properties, and impenetrabi- 
lity another. Thefe two belong ifrthaasIall^tJIL^ll matter ; and 
arc the principal ingredients in the idea, whicirtHis“wofti 
' matter ufually excites in the mind , Yet as the idea, marked 

by- 
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j!sf this name, is not purely the creature of our own un-r 
derftandings, but is taken for the reprefentation of a certain 
fubftance without us ; if we fhould difcover, that every part 
of the fiibftance, in wltich we find tlicfc two properties, 
'^(j.uld likewifc be endowed univerfally witli any other eflci>- 
tial qualities ; all thcle, from the time they come to our rfo- 
tfc?,' niuft be united under our general idea of matter. How 
many fuch properties there are adually in all matter we know 
not ; thofe, of which we arc at prefent apprized, have been 
found out only by our obfervations on things ; how many 
more a farther fearch may bring to light, no one can fay ; 
nor arc we certain, that we are provided with fufiicient me- 
tliods of perception to difeern tlieni all. Therefore, fince we 
have no other way of making difeoveries in nature, but by. 
gradual inquiries into the properties of bodies ; our firfi ftep 
muff be to admit without difiindion all the properties, which 
we obferv c ; and afterwards v\e muff endeavour, as far as we 
‘aiT'ablc, to dilfingiiiflt between the qualities, wherewith iIr- 
very fubftanccs themfelvcs ar« indued, and thofe appearance: ^ 
which rcfult from tlie ffrudure only of compound bodies. 
Some of the properties, which we obferve in things, are the 
attributes of particular bodies only ; others univerfally belong 
to all, that fall under our notice. Wliether fome of the 
••qualities and powers of particular bodies, be derived from tlif- 
'/erent kin(;ls'yf iiiattcr entring their compofition, cannot, in 
tile prelent imperfedl flate of our knowledge, abfolutely be 
decided ; though we^h^j«e>^«ot yet any reafon to conclude, 
blrt tti'ic all the todies, with which we converfe, are framed 
out of the very fame kind of matter, and that their diftind 
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qualities arc occafioned only by their ftrudure ; through the 
riety whereof the general powers of matter are caufed to pro- 
duce different effeds. On the otlier hand, we fhould not ha- 
. ftily conclude, that whatever is found to appertain to all mat- 
ter, which falls under our examination, muft for that reafon 
only be an eflential property thereof, and not be derived from 
fomc unfecn difpolition in the frame of nature. Sir I s a a c 
N E w T o N has found reafon to conclude, that gravity is a pro- 
perty univerlally belonging to all the perceptible bodies in the 
univerfe, and to every particle of matter, whereof they are 
compofed. But yet he no where afferts this property to be 
effential to matter. And he was fo far from having any de- 
fign of eftablifhing it as fuch, that, on the contrary, he has 
given fome hints worthy of himfelf at a caufe for it * ; and ex- 
prcfly fays, that he propofed thofe hints to (hew, that he had 
no fuch intention ^ 

19. It appears from hence, that' it is noteafy to deter* 
mine, what properties of bodies»are effentially inherent in the 
matter, out of which they arc made, and what depend upon 
their frame and compofition. But certainly whatever pro- 
perties are found to belong either to any particular fyftems of 
matter, or univcrfally to all, muft be confidered in philofophy ; 
becaufe philofophy will be otherwile imperfed. Whether^ 
thofe properties can be deduced from fome ‘<5dj‘er..appertain7' 
ing to matter, cither among thofe, which are already known, 
or among fuch as can be difcov«ied .bv us. is afterwards to be 
fouglit for the farther improvement or ourknowledgeTTSufOus 

• A» the end of his Optics. | ^ See the (ame treatife, in 
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\r;quiry cannot properly have place in the deliberation about ad- 
mitting any property of matter or bodies into philolbphy ; for 
diat purpofe it is only to be confidered, whether the exiftence 
of fuch a property has been jufUy proved or not. Therefore 
decide what caules of things are rightly received into na^ 
tural philofophy, requires only a diftind and clear conception- 
of v^hat kind of reafoning is to be allowt*d of as convincing,, 
when we argue upon die works of nature,. 

lo. The proofs in natural philolbphy cannot be lb ablb- 
lutcly conclufive, as in tlic mathematics. For the fubjeds of 
diat fcicnce are purely the ideas of our own minds. They 
may bc'^ reprefented to our fenfes by material objeds, but they 
arc dicmlelves the arbitrary produdions of our own thoughts j 
.fo that as the mind can have a full and adequate knowledge 
ol its own ideas, the reafoning in geometry can be rendered 
perfed. But in natural knowledge the fubjed of our con- 
templation is widiout us,’ and not fo compleatly to be known: 
therefore our method of arguing muft fall a little Ihort of alv 
Iblute perfedion. It is only here required to ftcer a juft courfc 
between the conjedural method of proceeding, againft which 
1 have fo largely fpoke ; and demanding fo rigorous a proof, as 
will reduce all philofophy to mere fcepticifm, and exclude all 
jj^fped ot making any progrefs in the knowledge of nature,. 

ZI. The e/)nccftlons, which are to be allowed in this fei- 
by Sir IsAA^g j^jJiffUiTON included under a very- 
few iimpie precepts.. 


2,1. The 



-14 


INTRODUCTION. 


11. 1' H E firft is, that more caufes are not to be recebjod 
into philofophy, than arc fufficicnt to explain the appearances 
of nature. That this rule is approved of unanimoufly, is e- 
v'idcnt from thole cxprcfTions fo frequent among all philolb- 
•phers, that nature does nothing in vain ; and that a yarir’ 
ty of means, where fewer would fuffice, is needlels. And 
certainly dicre is the higheft rcafon for complying with tliis 
rule. For Ihould we indulge the liberty of multiplying, 
witlrout neccllity, the caufes of things, it would reduce 
all philofophy to mere uncertainty i fince the only proof, 
which we can have, of the exiftence of a caufe, is the ne- 
cellity of it for producing know’ll effeds. Therefore where 
one caufe is fufficicnt, if there really ffiould in nature be 
two, which is in the laft degree improbable, we can have no 
poffiblc means of knowing it, and confequently ought not to 
take the liberty of imagining, that tlicre are more tlian one. 

15. The fccond precept is the dired confequence of the 
lirrt, that to like effeds are to be aferibed the lame caufes. 
h'or in dance, that refpiration in men and in brutes is brought 
about by the fame means ; that bodies defeend to the earth 
here in E u r o v e, and in A m e r i c a from the lame principle ; 
tliat the light of a culinary fire, and of the fun have the lame 
manner of produdion ; that the refledion of light is effededdii 
the cartli, and in die planets by the fame powe^ j and the like.'' 

14. T HE dlird of thefe p?0fc»*gjtiJias ^ually evident rea- 
fon lor it. It is only, that thofe qualities, which in the lame 
body can neither be Icflcned nor increafed, and which belong 

to 
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to all bodies that are in our power to make trial upon, ought 
to^be accounted the univerlal properties of all bodies w^t- 
cvcr. 

zy. In tliis precept is founded that metliod of arguing bjr^ 
i^duflion, without which no progrels could be made in na- 
tural philolbphy. For as the qualities of bodies become 
known to us by experiments only ; we have no other way of 
finding the projx;rties of fuch bodies, as are out of our reach 
to experiment upon, but by drawing conclufions from thole 
which fall under our examination. The only caution here 
required is, that the obfervations and experiments, we argue 
upon, t?e numerous enough, and that due regard be paid to 
ail objedions, that occur, as the Lord Bacon very judi- 
cioufly directs \ And this admonition is fufficiently com- 
plied with, when by virtue of this rule we aferibe impene- 
trability and extenfion to all bodies, though we have no len- 
fiblc Experiment, that affords a dired proof of any of the ce- 
Icftial bodies being impenetrable ; nor that the fixed ftars 
are fo mucli as extended. For the more perfed our inftru- 
ments arc, whereby we attempt to find their vifible magni- 
tude, the lefs they appear ; infomuch that all the fenfiblc 
magnitude, which we obfei vc in them, feems only to be an 
optical deception by the fcattering of their light. Howeven 
TSiipjx)fe no one will imagine they are without any magni- 
tude, ^ thouglyAeir immenlc diftance makes it undilcernablc 
by us. Alter the fame if it can be proved, that all 

* Nov. Org. Lib. i. Ax. 105. 
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bodies here gravitate towards the eardj, in proportion to ^le 
quantity of folid matter in each ; and tiiat the moon gravitates 
to the earth likewife, in proportion to the quantity of matter 
in it ; and that the fea gravitates towards the moon, and all 
'the planets towards each other; and that the very comets hay<“ 
the fame gravitating faculty ; we lhall have as great reafon to 
conclude by this rule, that all bodies gravitate towards each 
other. For indeed this rule will more ftrongly hold in this 
cafe, than in that of the impenetrability of bodies ; becaufe 
there will more inftanccs be had of bodies gravitating, than 
of their being impenetrable. 


ly. T H I s is that method of indu6iion, whereon all plii- 
lolbphy is founded ; which our author farther inforccs by 
this additional precept, that whatever is colleftcd from this * 
indudion, ought to be received, notwithftanding any conjc- 
dural hypothefis to the contrary, till fuch times as it fliall be 
contradided or limited by farther otfervations on nature. 
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* Concerning the 

MOTION of BODIES 

IN GENERAL. 


PHY, 


C H A. P. I. 

Of the LAWS of MOTION. 

A V I N G thus explained Sir Isaac 
Newton’s method of reafoning in 
philofophy, I lhall now proceed to 
my intended account of his difcove- 
lies. Thefe are contained in two trea- 
tifec. 'IGi one of them, the Mathema- 
tical PRINCIPLES OF NATURAL PHILOSO- 
his chief defign is to (hew by what laws the heavenly 

E X motions 



motions arc regulated ; in the other, his Optics, he difcourles 
of the nature of light and colours, and of the adion between 
light and bodies. This fecond treatife is wholly confined to 
the fubjed of light: except fomc conjedures propofed at the 
"^nd concerning other parts of nature, which lie hitherto moifc 
concealed. In the other treatife our author was obliged to 
fmooth the way to his principal intention, by explaining ma- 
ny things of a more general nature: for even fome of the moft 
fimplc properties of matter were fcarcc well eftablifhed at that 
time. Wo m.-iy tberofnre reduce Sir I s a a c N e w t o n’s do- 
drinc under three general heads ; and I /ball accordingly di- 
vide my account into three books. In the hrfl I fiia^ fpeak 
of what he has delivered concerning die motion of bodies, 
without regard to any particular fyftem of matter ; in the fe- 
cond I lhall treat of the heavenly motions ; and the diird' 
/hall be employed upon light. 

1. I N die firft part of my defign, we muft begin with an 
account of die general laws of motion. 

3. These laws are fome univerfal affedions and proper- 
ties of matter drawn from experience, which are made ufe 
of as axioms and evident principles in all our arguings upon the 
motion of bodies. For as it is the cuftom of geometc'c to 
afi'ume in their demonftration? fome propofitiuns, withddt 
exhibiting die proof of them ; io in philofopl^ all our rea- 
foning muft be built upon fonieproperties of matter, firft ad- 
mitted as principles whereon to argue. In geometry thefe ax- 
ioms are thus aftlimed, on account of their being fo evident 

as 
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as to make any proof in form needlefs. But in philofophy 
no properties of bodies can be in diis manner received for felf- 
cvideiit; fince it has been obferved above, that we can con- 
clude nothing concerning matter by any reafonings upon it^ 
y^ature and effence, but that we owe all the knowledge, we 
have thereof, to experience. Yet when our obfervations on 
matter have inform’d us of fome of its properties, we may fc- 
curely rcafon upon tliem in our farther inquiries into nature. 
And thcfe laws of motion, of which I am here to fpcak, are 
found fo univerfally to belong to bodies, that there is no mo- 
tion known, which is not regulated by them. Thefe are by 
Sir 1 s c N E w T o N reduced to three ®. 


4. T H E firft law is, that all bodies have fuch an indifference 
’ to reft, or motion, that if once at reft they remain fo, till di- 
fturbed by fome power adting upon them : but if once put 
in motion, they pcrfifl;in it ; continuing to move right for- 
wards perpetually, after the power, which gave the motion, 
is removed ; and alfo preferving the fanae degree of velocity 
or quicknefs, as was firft communicated, not ftopping or re- 
mitting their courfe, till interrupted or otherwife difturbed by 
Ibme new power impreffed. 

>,The fecond law of motion is, that die alteration of the 
ftate of any tj^y, whether from reft to motion# or from mo- 
tion to reft, or from one d.^gyee of motion to another, is al- 
ways proportional to the force imprefled. A body at reft, when 

» Princip. philof. p3g i3>*4' 
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a£lcd upon by any power, yields to that power, moving in 
the fame Une, in which the power applied is directed ; and 
moves with a lefs or greater degree of velocity, according to 
the degree of the power ; fo that twice the power ftiall com- 
'fhunicate a double velocity, and three times the power a ' 
threefold velocity. If the body be moving, and the power 
impreffed ad upon the body in the diredion of its motion, 
the body (hall receive an addition to its motion, as great as 
tire motion, into which that power would have put it from a 
(late of reft ; but if the power impreffed upon a moving bo- 
dy ad diredly oppofite to its former motion, tliat power ftiall 
then take away from the body’s motion, as much as iti the o- 
thcr cafe it would have added to it. J^aftly, if the power be 
impreffed obliquely, there will arife an oblique motion dif- 
fering more or lefs from the former diredion, according as 
the new impreffion is greater or lels. For example, if the bo- 
dy A (in fig. I.) be moving in the diredion A B, and when it is 
at the point A, a power be impreffed upon it in the diredion 
A C, the body ftiall from henceforth neither move in its firft 
diredion A B, nor in the diredion of the adventitious power, 
but fhall take a courfe as AD between them : and if the 
power laft impreffed be juljl equal to that, which firft gaye 
to the body its motion ; the line A D ftiall pafs in the middle 
between AB and AC, dividing the angle under B AC' mtp» 
two equal parts ; but if the power laft impreffed be jgteater 
than the firft, die line AD ftialWnclme moft to AC T whereas 
if the laft imprefllon be left than the firft, the line A D ftiall 
incline moft to A B. To be more particular, the fituadon of 

the 
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the line AD is always to be determined after this manner. 
Let A E be the fpace, which the body would have moved 
through in the line AB during any certain portion of time; 
provided that body, when at A, had received no fecond im- 
tnilfe. Suppofe likewife, that AF is the part of the line AQ-^ 
through which the body would have moved during an equal 
portion of time, if it had been at reft in A, when it received 
tlie impulfe in the direaion AC: then if from E be drawn 
a line parallel to, or equidiftant from A C, and from F an- 
other line parallel to AB, thofe two lines will meet in the 
line A D. 


6 . The third and laft of thefe laws of motion is, that 
when any body ads upon another, the adion of that body 
.upon the other is equalled by the contrary readion of that 
other body upon the firft. 


7. These laws of motion are abundantly confirmed by 
this, that all the dedudions made from them, in relation to 
the motioruof bodies, how complicated Ibever, arc found to 
agree perfedly with obfervation. This ftiall be fhewn more 
at large in the next chapter. But before we proceed to fo 
diffiifrve a proof ; I chufe here to point out thofe appearan- 
..^^^‘A^^ies, whereby the laws of motion are firft fuggefted 


to us. 


8. Daily obfervation makes it appear to us, that any 
body, which we once fee at reft, never puts it felf into frefh 

motion ; 
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motion ; but continues always in the fame place, till removed 
by fome power applied to it 

9. A G A I N, whenever a body is once in motion, it continues 
Vin that motion fome time after the. moving power has quitted^ , 

it, and it is left to it felf. Now if the body continue to move 
but a fingle moment, after the moving power has left it, there 
can no reafon be afligned, why it fhould ever flop without 
fome external force. For it is plain, that this continuance of 
the motion is caufed only by the body’s having already mov- 
ed, the foie operation of the power upon the body being the 
putting it in motion ; therefore that motion continued will e- 
qually be the caufc of its farther motion, and fo on (Vithout 
end. I'he only doubt that can remain, is, whether tlris motion 
communicated continues intire, after the power, that caufed , 
it, cealcs to a<ft ; or whether it docs not gradually languilh and 
decrcalc. And this fufpicion cannot be removed by a tranli- 
ent and flight obfervation on bodies, "but will be fully cleared 
up by tliofc more accurate pi oofs of the laws of motion, 
which are to be confidered in the next chapter. 

10, Lastly, bodies in motion appear to aftedl a ftraight 
courfe without any deviation, unlefs when difturbed by fome 
adventitious power ading upon them. If a body be throjvrf 
perpendicularly upwards or downwards, it appaast-J-/^ 'jontinu^’^ 
in the fame ftraight line during the whole timeS:^ ijs motion. 

If a body be thrown in any other direction, it is found to de- 
viate from the line, in whicli it began to move, more and 

more 
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more continually towards the earth, whither it is directed 
by. its weight : but lince, when the weight of a body docs 
not alter the diredion of its motion, it always moves in 
a ftraight line, without doubt in this other cafe the body.« 
declining from its firft courfe is no more, than what is cau* 
fed by its weight alone. As this appears at firft fight to be 
unqucftic^able, fo we fiiall have a very diflindl proof thereof 
in the next chapter, where the oblique motion of bodies will 
be particularly confidered. 

H. Thus we fee how the firft of the laws of motion 
agrees with what appears to us in moving bodies. But 
here occurs this farther confideration, that the real and ab- 
^ folutc motion of any body is not vifible to . us : for we 
arc our felvcs alfo in conftant motion along with the 
earth whereon we dwell •; infbmuch that we perceive bo- 
dies to move fo far only, as their motion is different from 
our own. When a body appears to us to lie at reft, in 
reality it only continues the motion, it has received, without 
putting forth any power to change that motion. If wc 
throw a body in the courfe or diredion, wherein we are 
carried our felves ; fo much motion as we feem to have 
given to the body, fo much we have truly added to the 
'TOotith j,, it h a^, while it appeared to us to be at reft. But 
if we impel i body the contrary way, although the body 
appears to us to have receivtal by fuch an impuKe as much 
motion, as when impelled the other way ; yet in this cafe we 
have taken from the body fo much real motion, as we leem 
to have given it. Thus the motion, which we , fee in bodies, 
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is not their real motion, but only relative with refpedt to us ; 
and the forementioned obfervations only (hew us, that this 
firft law of motion has place in this relative or apparent 
Snotion. However, though we cannot make any obferva- 
tion immediately on tlie abfolute motion of bodies, yet by 
reafoning upon what we obferve in vilible motion, we can 
dilcover the properties and effeds of real motion. 

II. With regard to this firft law of motion, which is 
now under confideration, we may from the foregoing ob- 
fervations moft truly colled, that bodies are difpofed to con- 
tinue in the abfolute motion, which they have once feceived, 
without increafing or diminifliing their velocity. When a 
body appears to us to lie at reft, it really preferves without 
change the motion, which it has in common with our felves : 
and when we put it into viftble motion, and we fee it conti- 
nue that motion ; this proves, that the body retains that de- 
gree of its abfolute motion, into which it is put by our ading 
upon it : if we give it fuch an apparent motion, which adds 
to its real motion, it preferves that addition ; and if our ad- 
ing on the body takes off from its reaf motion, it continues 
afterwards to move with no more real motion, than we have 
left it. 

15. A G A I N, we do not obferve in bodies any dilpofttion or 
power within themfelves to change the diredion of their mo- 
tion ; and if they had any fuch power, it would eafily be dif- 
covered. For fuppofe a body by the ftrudure or dilpofttion 
of its parts, or by any other circumftance in its make, was in- 
dued 
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dued with a power of moving it felf ; this felf-moving prin- 
ciple, which fhould be thus inherent in the body, and not 
depend on any thing external, muft change die diredion 
wherein it would ad, as often as the pofiition of the body 
was* changed : fo that for inftance, if a body was lying be- 
fore me in fuch a pofition, that the diredion, wherein this 
principle difpofes the body to move, was pointed diredly from 
me ; if I then gradually turned the body about, the’diredion 
of this felf-moving principle would no longer be pointed di- 
redly from me, but would turn about along with the body. 
Now if any body, which appears to us at reft, were furnifti- 
cd with any fuch felf-moving principle ; from the body's ap- 
pearing without motion we muft conclude, that this lelf-mov- 
. ing principle lies direded the fame way as the earth is car- 
rying the body ; and fuch a body might immediately be put 
into viftble motion only by turning it about in any degree, 
that* this felf-moving principle might receive a different di- 
redion. 

14,. From thele conftderations it very plainly follows, 
that if a body were once abfolutely at reft ; not being fur- 
nilhed with any principle, whereby it could put it felf into 
mption, it muft for ever continue in the fame place, till aded 
"^ipn^ ^av fom pfhing external : and alfo that when a body is put 
into motion, * it has no power within it felf to make any 
change in the diredion of that motion ; and confequently 
that the body muft move on ftraight forward without declin- 
ing any way whatever. But it has before been fhewn, that 
bodies do not appear to have in themfelves any power to 

F 1 change 
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change the velocity of their motion : therefore this firft law 
of motion has been ilhiftratcd and confirmed, as much as can 
be fi om tile tranficnt ob'c valions, wliich have here been dif- 
courfcd upon ■ and in tiic r.exL chapter all this will be farther 
cftablinicd by more corrcd obfcrvadons. 

I f. Bur I fliall now pafs to tlie fccond law of motion ; 
wliciein, when it is aficrtcd, that the velocity, with wliich 
any body is moved by the adion of a power upon it, is pro- 
portional to that power ; the degree of power is fuppofed to 
be meafured by the greatnefs of the body, which it can move 
with a given celerity. So that the fenfe of tliis law is, that 
if any body were put into motion witli that degree of fwift- 
uefs, as to pafs in one hour the lengdi of a thoufand yards ; 
the power, whicli would give the liune degree of velocity to 
a boily twice as great, would give this Icfi'er body twice the 
velocity, caufing it to deferibe in the fame fpace of an hour 
two thoufand yards. But by a hotly twice as great as another, 
I do not here mean fimply of twice the bulk, but one that 
contains a double quantity of folid matter. 

id. \Vi I V the power, wliich can move a body twice as great 
as anotlier with the fame degree of velocity, fliould be called 
twice as great as tlie power, which can give the leflep Sody- 
ilic fime velocity, is evident. For if ive Ihould fuppofe the 
greater body to be divided into two equal parts, each equal 
to the Idler body, each of thefe halves will require die fame 
degree of power to move them with the velocity of the lefler 
body, as the Idler body it felf requires ; and therefore both 

T thole 
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tliofc halves, or tlic whole greater body, will require tlic 
moving power to be doubled. 

1 7. T H A T the moving power being in this fenfe doublecf, 
fhoidd juft double Ukewifc the velocity of tlic fame body, 
fcems near as evident, if we conftdcr, that the cfFcdl of the 
power applied muft needs be tlic fime, whether tliat power 
be applied to the body at once, or in parts. Suppofe then the 
'double power not applied to the body at once, but half of it 
firft, and afterwards the other half ; it is not conceivable for 
what rcafon the half laft applied ftiould come to have a dif- 
ferent c 5 'c<ft upon the body, from that which is applied firft ; 
as it muft have, if the velocity of the body was not juft dou- 
bled by the application of it. So far as experience can deter- 
mine, we fee nothing to favour fuch a fuppofition. We can- 
not indeed ( by reafon of the conftant motion of the cartJi ) 
make* trial upon any body perfcilly at reft, whereby to lee 
whether a power applied iu that cafe would have a different 
effetft, from what it has, when the body is already moving ; 
but we find no alteration in the effed: of the fame power on 
account of any difference there may be in the motion (if the 
body, when the power is applied. The earth docs not al- 
ways carry bodies with the fame degree of velocity ; yet wc 
find tlfa4;ifilile..^ffe<ft;s of any power applied to the finie bo- 
dy to be at all times tlic very fame : and a bale of goods, or 
other moveable body lying in a ftiip is as eafily removed 
from place to place, while the fhip is under fail, if its motion, 
be fteady, as when it is fixed at anchor. 


18.. N'ow 
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18. Now this experience is alone fufficient to fliew to us 
the whole of tliis law of motion. 

19. S I N c E we find, that the lame power will always pro- 
duce the fame change in the motion of any body, whether 
that body were before moving with a fwifter or flower mo- 
tion •, the change wrought in the motion of a body depends 
only on the power applied to it, without any regard to the 
body’s former motion : and therefore the degree of motion, 
which the body already poflefles, having no influence on the 
power applied to difturb its operation, the effedls*^ of the 
fame power will not only be the fame in all degrees of mo- 
tion of the body ; but we have likewile no rcafon to doubt,, 
but tliat a body perfedlly at reft would receive from any pow- 
er as much motion, as w'ould be equivalent to the effedt of the 

fame power applied to that body already in motion. 

« 

ao. Again, fuppole a body being at reft, any number of 
equal powers Ihould be fucceflively applied to it ; pufliing it 
forward from time to time in the fame courfe or diredtion. 
Upon the application of the firft power the body would begin 
to move ; when die fecond power was applied, it appears^from 
what has been faid, that the motion of the bc dy - >.v ould be- 
come double; the diird power would treble the motion of die 
body ; antT fo-on, till after the operation of the laft power the 
motion of die body would be as many times the motion, 
which die firft power gave it, as there are powers in number. 
And the eftcdl oi this number of powers will be always the 

fame, 
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{iinic, without any regard to the fpace of time taken up in 
applyi^ them : fo that greater or lefler intervals between 
tl^pplication of each of thefe powers will produce no dif- 
ference at all in their efFeds. Since therefore the diftance of 
time between the adion of each power is of no confequence ; 
without doubt the effed will ftill be the fame, though the 
powers fhould all be applied at the very fame inftant ; or al- 
though a fingle power fhould be applied equal in ftrength to- 
the coliedive force of all thefe powers. Hence it plainly fol- 
lows, diat the degree of motion, into which any body will 
be put out of a ftate of reft by any power, will be proportio- 
nal to that power. A double power will give twice the velo- 
city, a treble power three times the velocity, and fo on. The 
♦ foregoing reafoning will equally take place, though the bo- 
dy were not fuppofed to be at reft, when tlie powers began to 
be applied to it ; provided the diredion, in which the powers 
were applied, cither confpired with the adion of the body, or 
was diredly oppofite to it. Therefore if any power be ap- 
plied to a. moving body, and ad upon the body either in. 
the diredion wherewith the body moves, fo as to accelerate 
the body ; or if it ad diredly oppofite to the motion of the 
body, fo as to retard it ; in both thefe cafes the change of 
motion will be proportional to the power applied ; nay, the 
augmentation of the motion in one cafe, and the dimi- 
nution thereof in the other, will be equal to that degree of 
motion, into which the fame power would put the body, had, 
it been at reft, when the power was applied. 


a I., Farther 
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II. Farther, a power may be fo applied to a moving 
body, as to acl; obliquely to the motion oi the body. And 
the cfFeds of fuch an oblique motion may be deduced from 
this obfervation ; that as all bodies are continually moving a- 
long with the earth, we fee that the vifible efFefts of the fame 
power arc always the func, in whatever diredion the power 
ads: :ind therefore the vifible effeds of any power upon a 
body, which feems only to be at reft, is always to appearance 
the fame as the real elfed would be upon a body tnily at reft. 
Now fuppofe a body were moving along the line AB ( in 
lig. 1. ) and the eye accompanied it with an equal motion in 
the line C D cquidiftant from A B ; fo that when the body is 
at A, the eye fliall be :it C, and when the body is advanced to 
E in tlu; line A B, the eye fliall be advanced to F in the line’ 
C D, the diftanccs A E :ind C F being equal. It is evident, 
that here the body will appear to the eye to be at reft ; and 
the line F EG drawn from the eye through the body fliall feem 
to the eye to be ini moveable; * though as the body and eye 
move forward together, this line fliall really alfo. move ; fo 
that when the body fliall be advanced to H and the eye to K, 
the line FEG fliall be transferred into the fituation KHL, 
tills line K H L being cquidiftant from F EG. Now if the bo- 
dy when at E were to receive an inipulfe in die diredion of 
the line F E G ; while the eye is moving on fr<51h T Tb 'l, and 
carrying along with it the line FEG, the body will appear to 
the eye to move along this line FEG: for this is what has juft 
now been faid ; th:it while bodies are moving along with the 
earth, and the I'pedator’s eye partakes of the fame motion, 
die tftek!:t ol any power upon the body will appear to be what 
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it wojild really have been, had the body been truly at reft» 
when the power was applied. From hence it follows, that 
whemjthc^ye is advanced to K, the body will appear fome- 
in the line K H L. Suppofe it appear in M ; then it is 
manifeft, from what has been premiled at the beginning of 
this .paragraph, that the diftance H M is equal to what the 
body would have run upon the line E G, during the time, 
wherein the eye has pafled from F to K, provided that the bo- 
- dy had been at reft, when a£ted upon in E. If it be farther 
asked, after what manner the body has moved from E to M 
I anfwcr, through a ftraight line ; for it has been (hewn above 
in the ^plication of the firft law of motion, that a mov- 
ing body, from me time it is left to it felf, will proceed on in 
one continued ftraight line. 

11. If E N be taken equal to H M and N M be drawn ; 
fmceJIMis equidiftant.from EN, NM will be equidiftant 
from E H. Therefore the effeft of any power upon a moving 
body, when that power a<fts obliquely to the motion of the 
body, is to be determined in this manner. Suppofe tlie bo- 
dy is moving along the ftraight line A E B, if when the body is 
come to E-, a power gives it an impulfe in the diredion of the 
line EG, to find what courfc the body will afterwards take 
we muft proceed thus. Take in EB any length EH, and in 
EG take fuch a length E N, that if the body had been at reft 
in E, the power applied to it would have caufed it to move 
over E N in the lame fpace of time, as it would have employed 
in palling over E H, if the power had not aded at all upon it. 
Then draw HL equidiftant. from EG, and NM equidiftant 

G from 
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from r^B. After tl)is, if a line be drawn from E lio the 
point M, where thefe two lines meet, the line EM will be the 
courfe into which the body will be put by the a(fti6h,-.o||^ the 
power upon it at E. 

% 

ig. A MATHEMATICAL reader would here expert in 
fome particulars more regular demonftrations j but as I do 
not at prefent addrefs my felf to fuch, fo I hope, what I have 
now written will render my meaning evident enough to thole, 
who are unacquainted with that kind of reafoning. 

iq,. Now as we hav'e been Ihewing, that fome aftual 
force is necefiary cither to put bodies out of a ftatc of reft in- 
to motion, or to change the motion, which they have once 
received ; it is proper here to obferve, that this quality in bo-' 
dies, whereby they preferve their prelent ftate, with regard 
to motion or reft, till fome aiftive force difturb them, is cal- 
led the vis i n f, r t i a e of matter : and by this property, mat- 
ter, ftuggiftiand unadivc ofitYclf, retains all the power im- 
prefled upon it, and cannot be made to ceafe fromadlion, but 
by the oppolltion of as great a power, as that which lirft mov- 
ed it. By the degree of this vis i n e r t i a e, or power of inac- 
tivity, as wc fhall henceforth call it, we primarily judge of 
tlie quantity of lolid matter in each body ; for as this quality is 
inherent in all the bodies, upon which we can make ‘any trial, 
wc conclude it to be a property elfential to all matter ; and 
as wc yet know no reafon to fuppofe, that bodies are compo- 
fed of difterent kinds of matter, we rather prefume, that 
the matter of all bodies is the fame ; and that the degree of' 

this 
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tills g/iwer of inadivity is in every body proportional to the 
.r^af itity of the folid matter in it. But altliough we have no 
•abfoJjkrtS^oof, that all the matter in the univerfe is uniform, 
atra poflefles tills power of inadlivity in the fame degree; yet 
we cSn with certainty compare together the different degrees 
of^fkiS power of inadlivity in different bodies. Particularly 
"tlus power is proportional to the weight of bodies, as Sir Isaac 
Newton has demonftrated *. However, notwithftanding 
that this power of inadlivity in any body can be more certain- 
ly known, than the quantity of folid matter in it ; yet flnce 
there is no reafon to fufpedl that one is not proportional to tlie 
other, we fhall hereafter fpeak without hefitation of the quan- 
tity of matter in bodies, as the meafure of the degree of their 
power of inadfivity. 

ay. This being eftablifhed, we may now compare the 
effedj^s of the fame pov^er upon different bodies, as hither- 
to we have fhewn the effedts of different powers upon the 
fame body. And here if we limit the word motion to the 
peculiar feirfe given to it in philofbphy, we may comprehend 
all that is to be faid upon this head under one fhort precept ; 
that the fame power, to whatever body it is applied, will al- 
ways produce the fame degree of motion. But licre motion 
does not flgnify the degree of celerity or velocity with which 
a body moves,, in which fenfe only we have hitherto ufed it ; 
but it is made ufe of particularly in philofophy to fignify the 
force with which a body moves : as if two bodies A and B be- 

* Princ. Philof. L. II. prop. 24- coroL 7. See alfo B. II. Ch. 5. 5 3. of this treatife. 
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ing in motion, twice the force would be required to ftopi^ A as 
to flop B, the motion of A would be eftcemed double 
motion of B. In moving bodies, thefe two things afl^6(we- 
fully to be diftinguifhed ; their velocity or celerity, which is' 
meafured by the Ipace they pafs tlirough during any detehni- 
nate portion of time ; and the quantity of their motiori^'*- pr 
the force, with which they will prefs againft any rcfiftancc? 
Which force, when different bodies move with the lame ve- 
locity, is proportional to the quantity of folid matter in the 
bodies ; but if the bodies are equal, this force is proportio- 
nal to their refpeftive velocities, and in other cafes it is pro- 
portional both to the quantity of folid matter in the body, and 
alfb to its velocity. To inftance in two bodies A and B : if Abe 
twice as great as B, and they have both the fame velocity, the 
motion of A lhall be double the motion of B ; and if the bo- ’ 
dies be equal, and the velocity of A be twice that of B, tlie 
motion of A fhall likewife be double* that of B ; but if ,A be 
twice as large as B, and move twice as fwift, the motion of A 
will be four times the motion of B ; and laftly, if A be twice 
jfe large as B, and move but half as faft, the degree of their 
motion fhall be the fame. 

l6. Th I s is the particular fenfe given to the word motion 
by philofophers, and in this fenfe of the word the fame pow- 
er always produces the fame quantity or degree.of motion. If 
the fame power aft upon two bodies A and B, the velocities, 
it lhall give to each of them, lhall be fo adjufted to the refpcc- 
tive bodies, that the lame degree of motion fliall be produced 
in each. If a be twice as great as B, its velocity lhall be half 

that 



CHAI. I. PHILOSOPHY. 



if A has three times as much folid matter as B, the 


of A fhall be one third of the velocity of B ; and ge- 
' neraWj^tli^ velocity given to A fhall bear the fame proportioa 
to the velocity given to B, as the quantity of folid matter con- 


tained in the body B bears to the quantity of fohd matter con- 
taj^€9^in A. 


ay* The rcalbn of all this is evident from what has gone 
before. If a power were applied to B, which fhould bear 
the fame proportion to the power applied to A, as the body B 
bears to A, the bodies B and A would both receive the fame 
velocity ^ and the velocity, which B will receive from this 
power, will bear the fame proportion to the velocity, which 
it would receive from the adlion of the power applied to A, 
as the former of thefe powers bears to the latter : that is, 
the velocity, which A receives from the power applied to it, 
will hear to the velocity, which B would receive from 
the fame power, the lame proportion as die body B bears 
to A. 


1.8. From hence we may now pafs to the third law of 
motion, where this diftindlion between the velocity of a bo- 
dy and its whole motion is farther neceflary to be regarded, as 
fhall immediately be fhewn ; after having firft illuftrated the 
meaning of diis law by a familiar inftance. If a ftonc or o- 
ther load be drawn by a horfe ; the load re-a<fts upon the horfe, 
as much as the horfe a£ts upon the load ; for the harnefs,, 
which is ftrained between them, prefles againft the horfe as 
'•^uch as againft the load ^ and the progreflive motion of the 

horfe 
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horfe forward is hindred as much by the load, as the iri^ as 
of the load is promoted by the endeavour of the horfe: 
is, if the horfe put forth the fame ftrength, whenTbol^ed^ 
from the load, he would move himfelf forwards with gre^r 
fwiftnefs in proportion to the difference between the weight 
of his own body and the weight of himfelf >and lo^ to- 
gether. 

19. This inftance will afford fome general notion of the • 
meaning of this law. But to proceed to a more philofophi' 
cal explication : if a body in motion ftrike againft another at 
reft, let the body ftriking be ever fo fmall, yet fhall.it com- 
municate fome degree of motion to the body it ftrikes againft, 
though the lels that body be in comparifon of that it impin- 
ges upon, and the lefs the velocity is, witli which it moves,’ 
the fmaller will be the motion communicated. But whatever 
degree of motion it gives to the rafting body, the fame it 
lhall lole it fell. This is th^ neceftary ccnlequence of the 
forementioned power of inactivity in matter. For fuppole 
the two bodies equal, it is evident from the time they meet, 
both the bodies are to be moved by the ftngle motion of tlic 
lirft ; therefore the body in morion by means ot its power of 
inactivity retaining the motion firft given it, ftrikes upon the 
other with the fame force, wherewith it was aCted upon it 
felf : but now both the bodies being to be moved by that 
force, which before moved one only, the enfuing velocity 
will be the fune, as if the power, which was applied to one 
of the bodies, and put it into motion, had been applied to 
both ; whence it appears, that they will proceed forwards^ 

3 with. , 
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that ^alf the velocity, which the body firft in motion had ; 
fiAM is, the body firft moved will have loft half its motion, 
and the other will have gained exa<ftly as much. This rule 
is juft, provided the bodies keep contiguous after meeting ; as 
they would always do, if it were not for a certain caule that 
o|?dfmtervenbs, and which muft now be explained. Bodies 
upon ftriklng againft each other, fuffer an alteration in their 
figure, having their parts prelTed inwards by the ftroke, which 
for the moft part recoil again afterwards, the bodies endea- 
vouring to recover their former fliape. This power, whereby 
bodies arc inabled to regain their firft figure, is ufually called 
their clafticity, and when it ads, it forces the bodies from 
each other, and caufes them to feparate. Now the effed of 
this elafticity in the prefent cafe is fuch, that if the bodies are 
perfedly elaftic, fo as to recoil with as great a force as they 
are bent with, that they recover their figure in the lame fpace 
of tinte, as has been taken up in the alteration made in it by 
their compreflion together; thin this power will feparate the 
bodies as fwiftly, as they before approached, and ading up- 
on both equally, upon the body firft in motion contrary to 
the diredion in which it moves, and upon the other as much 
in the diredion of its motion, it will take from the firft, and 
add to the other equal degrees of velocity : lb that the power ' 
being ftrong enough to feparate them with as great a velocity, 
as they approached with, the firft will be quite ftopt, and 
that which was at reft, will receive all the motion of the 
other. If the bodies are elaftic in a lefs degree, tlie firft will 
not lofe all its motion, nor will the other acquire the motion 
•of the firft, but fall as much fliort of it, as the other retains.. 

Fcmc 





For this rule is never deviated from, that thougli the iA 
of elafticity determines how much more than half its veteSfe?-, 
ty the body firft in motion ihall lofe ; yet in every the ^ 
lofs in the motion of this body (hall be transferred to the otlier, 
that other body always receiving by the ftroke as much mo- 


tion, as is taken from the firft. 




30. Thi s is the cafe of a body ftriking diredly againft an 
equal body at reft, and the reafoning here ufed is fully con-- 
firmed by experience. There are many other cafes of bodies 
impinging againft one another : but the mention of thele 
lhall be referved to tlie next chapter, where we intend to be 
more particular and diffufive in the proof of thefe laws of mo- 
tion, than we have been here. 


Chap. II. 

«> 

Farther proofs of the Laws of Motion. 


H aving in the preceding chapter deduced the three 
laws of motion, delivered by our great philofbpher, 
from the moft obvious obfervations, that fuggeft them to us ; 

I now intend to give more particular proofs of them, by re- 
counting fbme of the difeoveries which have been made in 
philofophy before Sir Isaac Newton. For as they were 
all colleded by reafoning upon thofe laws; fo the conformity 
of thefe difeoveries to experience makes them fb many proofi 
of the trudi pf the principles, from which they were derived. 

T „ 
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that begin with the fubje£t, which concluded the 

chapter. Although die body in motion be not equal to 
■ the body at reft, on which it ftrikes ; yet the motion after 
tlie ftroke is to be eftimated in the lame manner as above. 
Let A (in fig.g.) be a body in motion towards another body 
B at reft. When A is arrived at B, it cannot proceed 
farther without putting B into motion ; and what motion it 
gives to B, it muft lofe it felf, that the whole degree of mo- 
tion of A and B together, if neither of the bodies be claftic, 
lhall be equal, after die meeting of the bodies, to the linglc 
motion of A before the ftroke. Therefore, from what has 
been layl above, it is manifeft, that as foon as die two bodies 
arc met, they will move on together with a velocity, which 
will bear the fame proportion to the original velocity of A, as 
•the body A bears to the lum of bodi die bodies, 

5. If the bodies are ylaftic, fo that they fliall leparate af- 
ter the ftroke, A muft lofe a greater part of its motion, and 
the fubfequeiit motion of B will be augmented by this elafti- 
city, as much as die motion of A is diminifticd by it. The 
elafticity ading equally between both the bodies, it will com- 
municate to each the fame degree of motion ; that is, it will 
feparate the bodies by taking frona the body A and adding to 
the body B different degrees of velocity, fo proportioned to 
their relpedivQ quantities of matter, that the degree of mo- 
tion, wherewith A feparates from B, fliall be equal to the de- 
gree of motion, wherewith B feparates from A. It follows 
therefore , that the velocity taken from A by die elafticity 
bears to the velocity, which the fame elafticity'adds to B, the 

H lame 
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lame proportion, as B bears to A : confequently the vel^ gg 
which the elafticity takes from A, will bear the fame prop!«^^ 
tion to the whole velocity, wherewith this elafticityi:aufes thee' 
two bodies to feparatc from each other, as the body B bears to 
the fum of the two bodies A and B j and the velocity, which 
is added to B by the elafticity, bears to the velocity, wh^e- 
witli the bodies feparate, the fame proportion, as the bodyV" 
bears to the fum of the two bodies A and B. Thus is found, 
how much the elafticity takes from the velocity of A, and 
adds to the velocity of B ; provided the degree of elafticity be 
known, whereby to determine the whole velocity wherewith 
the bodies feparate from each other after the ftroke 


4. After this manner is determined in every cafe the rc- 
fult of a body in motion ftriking againft another at reft. The 
fame principles will alfb determine tlie efteds, when both 
bodies are in motion. 

y. Let two equal bodies move againft each otlier with e- 
qual fwiftnefs. Then the force, with which each of them 
prefles forwards, being equal when they ftrike j " each prefix 
ing in its own diredion with the fame energy, neither fhall 
fljrmount the other, but both be ftopt, if they be not elaftic ; 
for if they be elaftic, they fhall from thence recover new mo- 
tion, and recede from each other, as fwiftly as they met, if 
they be perfedly elaftic ; but more flowly, if lefs fo. In the 
fame manner, if two bodies of unequal bignefs ftrike ag ainft 
each other, and their velocities be fo related, that the velocity 

» How this degree of ckfticity u to be found by cxpcrimeiit, will be Ihewn below in J 74. 

of 
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th t body fhall exceed tlic velocity of the greater in 

V..J Jame proportion, as the greater body exceeds the lefler (for 
'•ihftance, if one body contains twice the folid matter as the o- 
ther, and moves but half as faft) two fuch bodies will entire- 
ly ll'pprefs each other’s motion, and remain from tlie time of 
their^aieeting fixed ; if, as before, they are not elaftic : but, 
ii’^thcy are lb in the highcft degree, they lhall recede again, 
each with the fame velocity, wherewith they met. For this 
elaftie power, as in tlic preceding cale, fhall renew their mo- 
tion, and prefTing equally upon both, fhall give the lame mo- 
tion to both ; that is, fhall caule the velocity, which the lefler 
body receives, to bear tlie fame proportion to the velocity, 
which the greater receives, as the greater body bears to the 
lefler : fo that the velocities fhall bear the fame proportion to 
.each other after the flroke, as before. Therefore if the bodies, 
by being perfectly elaftic, have the fum of their velocities 
after the ftroke equal to^ the fum of their velocities before the 
ftroke,’ ’each body after the ftroke will receive its firft veloci- 
ty. And the lame proportion will hold likewife between the 
velocities, jvherewitli they go off, though they arc elaftic but 
in a left degree ; only then the velocity of each will be lefs in 
proportion to the defed of elafticity. 


6 . If the velocities, wherewith the bodies meet, arc not 
in the proportion here fuppofod ; but if one of the bodies, as 
A, has a fwifter velocity in comparifon to the velocity of the 
other; then the efte<ft of this excels of velocity in the body A 
muft be joined to the effe<ft now mentioned, after the manner 
of this following example. Let A be twice as great as B, and 

Hi move 
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move with the fame fwiftnefs as B. Here A moves with tA as 
that degree of fwiftnefs, which would anfwer to the foremhfi^'^ 
tioned proportion. For A being double to B, i/^ it moved 
but with half the fwiftnefs, wherewith B advances, it has been 
juft now flicwn, that the two bodies upon meeting would 
flop, if they were not claftic ; and if they were claftic^*^at 
they would each recoil, fo as to caufc A to return with half 
the velocity, wherewith B would return. But 'it is evident 
from hence, that B by encoimtring A will annul half its velo- 
city, if the bodies be not elafticj and the future motion of the 
bodies will be the fame, as if A had advanced againft B at 
reft with half the velocity here afligned to it. If the bodies 
be claftic, the velocity of A and B after tlie ftrokc may be thus 
difeovered. As the two bodies advance againft each other, 
the velocity, with which they meet, is made up of the velo- 
cities of both bodies added together. After the ftrokc their 
elafticity will feparate tliem again. The degree of elafticity 
will determine what proportion the velocity, wherewith they 
feparate, muft bear to that, wherewith they meet. Divide 
this velocity, with which the bodies feparate into two parts, 
that one of the parts bear to the other the fame proportion, as 
the body A bears to B ; and aferibe the lefler part to the great' 
er body A, and the greater part of the velocity to the lefler 
body B. Then take the part aferibed to A from tlie common 
velocity, which A and B would have had after the ftrokc, if 
they had not been elaftic ; and Add the part alcribed to B to 
the fame common velocity. By tliis means the true velocities 
of A and B after the ftroke will be made known. 
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that ^ F the bodies are perfedly elaftic, the great Huygens 
f^s mid do.’s^n this rule for finding their motion after con- 
courfc ^ Any ftraight line CD (in fig. 4, y. ) being drawn, 
let it be divided in E, that C E bear the fame proportion to 
E D, as the fwiftneft of A bore to tlic fwiftnefi of B before the 
ftrok'e"! Let the fame line C D be alfo divided in F, that C F 
Jiear ,the fame proportion to F D, as the body B bears to the 
body A. “Tlicn FG being taken equal to FE, if the point G 
ftlls within the line C D, both the bodies fhall recoil after the 
ftrokc, and the velocity, wherewith the body A fhall return, 
will bear the fame proportion to the velocity, wherewith B 
fliall return, as G C bears to G D ; but if the point G fidls with- 
out the line C D, then the bodies after their concourfe fhall 
both proceed to move the fame way, and the velocity of A 
ihall bear to the velocity of B the fimc proportion, that G C 
b.cars to G D, as before. 

• 

8. I F the body B had flood /fill, and received the impulle 
of the other body A upon it ; the cfFc6l has been already ex- 
plained in die cafe, when the bodies arc not elaftic. And 

-^^cn they arc elaftic, the refult of their collifion is found by 
combining the effeeft of the elafticity with the other effedl, in 
the fame maijner as in the laft cafe. 

9. WiTEN.the bodies arc |>erfe<ftly elaftic, the rule of 
Huygens *’ here is to divide the line CD (fig. (>. ) in E as 
before, and to take EG equal to ED. And by thefe points 

* In oper pofthum. dc Motu corper. cx per- | ^ In the above cited place 

."fion. prop. 9. 1 

thus 
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tlius found, die motion of each body after die ftroko^^ is de- 
termined, as before. 

10. In the next place, fuppofe die bodies A and B were 
both moving the fame way, but A with a fwifter motion, fo 
as to overtake B, and ftrike againfl: it. The effedl of the per- 
tuftion or ftrokc, when the bodies are not elaftic, is difeov'er- 
cd by finding the common motion, which the two boaic> 
Would have after the ftrokc, if B were at reft, and A were to 
advance againfl: it with a velocity equal to the excels of the 
prefent velocity of A above die velocity of B ; and by ad- 
ding to this common velocity thus found the velocity of B. 

Ill If the bodies are elaftic, the eftcift of the elafticity is 
to be united with this other, as in the former cafes. 

11. When the bodies are pcrfcdly elaftic, the rule of 
Huygens * in this cafe is to prolong CD (fig. 7. ) . and to 
take in it thus prolonged C F, in the lame proportion to F. D, 
as the greater velocity of A bears to the lelTer velocity of B ; 
after which F G being taken equal to F E, the velocities of the 
two bodies after the ftrokc will be determined, as in the tw-tr 
preceding cafes. 

Ig. Thus I have given the fum of what has, been writ- 
ten concerning die effeds of percuflion, when two bodies 
freely in motion ftrike diredly againft each other ; and the 
rcfults here fet down, as the confequence of our realbning 

• In die pi ACC abovC'Cilcd. 
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from rfie laws of motion, anlVver moft exailly to experience. 
A particular let of experiments has been invented to make 
' ;tnal of thelc effects of percuffion with the greateft exadlncls. 
But I muft defer thele experiments, till I have explained the 
naturtt of pendulums I fhall therefore now proceed to de- 

feribe Ibme of the appearances, which are cauled in bodies 
from the influence of the power of gravity united with the 
-general la^is^^of motion ; among which the motion of the 
pendulum will be included, 

14. T H E moft Ample of thele appearances is, when bo'^ 
dies fall down merely by their weight. In this cafe the body 
increases* continually its velocity, during the whole time of its 
fall, and that in tlie very fame proportion as the time increal- 
es. For the power of gravity a<fts conftantly on the body with 
the lame degree of ftrength : and it has been oblerved abo\'c 
in the firft law of motion, that a body being once in motion 
will petpetually preferve t:hat motion without the continuance 
of any external influence upon it : therefore, after a body has 
been once put in motion by the force of gravity, the body 
would continue that motion, though the power of gravity 
n?ould ceafe to adl any farther upon it ; but, if the power of 
gravity continues ftill to draw the body down, frelh degrees 
of motion nyft continually be added to the body ; and the, 
power o^,,gravity adling at all times with the lame ftrength, 
equal degrees of motion will conftantly be added in equal 
portions of time. 

• Thcfc experimenu arc deferibed in J 73- 


ly. Tim. 
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I r. This conclufion is not indeed ablblutely true : for we 
ftiall find hereafter that the power of gravity .is not of th<;^ 
lame ftrength at all diftances from the center of the earth. But 
nothing of this is in the leaft fenfible in any diftance, to which 
we can convey bodies. The weight of bodies is the very lame 
to fenle upon the higheft towers or mountains, as upon the 
level ground ; fo that in all the oblervations we can 
the forementioned proportion between the velocity of a fall- 
ing body and the time, in which it has been defeending, ob- 
tains without any the leaft jierceptible difference. 


id. From hence it follows, that the fpace, tlirougfiSy^i^ 
a body falls, is not proportional to the time of tlie fall ; for 
fince the body incrcafcs its velocity, a greater fpace will be 
pafled over in the fame portion of time at the latter part of the 
fall, than at the beginning. Suppofe a body let fall from the 
point A ( in fig. 8.) were to defeend from A to B in apy por- 
tion of time ; then if in an equal portion of time jt were to 
proceed from B to C; I fay, the fpace BC is greater than AB; 
fo that the time of tlie fall from A to C being double the time 
of the fall from A to B, AC fhall be more than double of As£, 


IT. The geometers have proved, that the fpaces, through 
which bodies fill thus by their weight, arc juft in a duplicate 
or two-fold proportion of the times, in which tke body has 
been falling. That is, it we were to take the line DE in the 
fame proportion to A B, as the time, which the body has im- 
pdoyed in falling from A to C, bears to die time of the fall 
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from A to B ; then a C will be to D E in the lame proportion. 
In particular, if the time of the fall through A C be twice the 
tkne of the fail through A B ; then D E will be twice A B, and 
A C twice D E ; or A C four times A B. But if the time of the 
fill through A C had been thrice the time of the fall through 
A B ; D E would have been treble of A B, and A C treble of 
D E ; that is, A C would have been equal to nine times A B. 


1-8. I^^lTbody fall obliquely, it will approach the ground 
by flower degrees, than when it falls perpendicularly. Sup- 
pofe two lines A B, A C ( in fig. 9. ) were drawn, one perpen- 
dicular, and the other oblique to the ground DE: then if a 
body were to delcend in the flanting line A C ; becaulc the 
power of gravity draws the body direftly downwards, if the 
line A C fupports the body from falling in that manner, it 
mufl; take off part of the effedl of the power of gravity; lb 
that in the time, which would have been fufficient for the 
body toJbave fallen tliro\!lgh the whole perpendicular line A B, 
the body fliall not have paffed in the line A C a Icngdi equal 
to A B ; conlcqucntly the line A C being longer than A B, 
the body (hall mofl certainly take up more time in pafling 
■jiffough A C, than it would have done in falling perpendicu- 
larly down tlirough AB. 


19. geometers demonftrate, that the time, in which 

die bod^will defeend through the oblique ftraight line AC, 
bears the fame proportion to the time of its defeent through 
the perpendicular AB, as the line it felf AC bears to AB. 
And in refped: to the velocity , whicli the body will have ac- 

I quired 
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quired in the point C, tiiey likcwifc prove, that the length of 
the time imployed in the defcent through AC fo compenfates 
the diminution of the influence of gravity from the obliquity ' 
of this line, that though the force of the power of gravity on 
the body is oppofcd by the obliquity of the line AC, yet the 
time of the body’s defcent fhall be fo much prolonged, that 
the body fliall acquire the very fame velocity in the point C, 
as it would have got at the point B by filling perpendicubfly-^ 
down. 


10. Ira body were to defeend in a crooked line, die time 
of its defcent cannot be determined in fo Ample a manner ; 
but the fame property, in relation to the velocity, is demon- 
ftrated to take place in all cafes: that is, in whatever line the 
body defeends, the velocity will always be anfwcrablc to the 
perpendicular height, from which the body has fell. For in- 
ftance, fuppole the body A ( in fig. i o. ) were hung by a 
firing to die pin B. If this body were let fall, till it^pame to 
the point C perpendicularly under B, it will have moved from 
A to C in the arch of a circle. Fhen the horizontal line A D 
being drawn, die velocity of the body in C wilhbe the fame, 
as if it had fallen from the point D diredly down to C. 

2 , 1 . Ira body be thrown perpendicularly upward with a- 
ny force, the velocity, wherewith die body ti (bends, fliall 
continually diminifli, till at length it be wholly taken away; 
and from that time the body will begin to fall down again, 
and pafs over a fecond time in its defcent the line, wherein it 
afeended ; (ailing through this line with an increafing veloci- 
ty infuch a manner, that in every point thereof, through 

which 
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which it falls, it fhall have the very lame velocity, as it had in 
die fame place, when it afcended ; and confequendy Ihall come 
down into the place, whence it firft alcendcd, with the veloci- 
ty which was at firft given to it. Thus if a body were tlirown 
perpendicularly up in the line A B (in fig. ii.) with fuch a 
force, as that it lliould ftop at die point B, and there begin 
to fall again ; when it fliall have arrived in its dcfceiit to any 
-pOtfit as C iji^his line, it d'^all there have the fame velocity, 
as that wlierewith it pafl'ed by this point C in its afcent ; and 
at the point A it lliall have gained as great a velocity, as 
that wherewith it was firft thrown upwards. As this is de- 
monftrated by the geometrical writers ; fo, I think, it will 
appear evident, by confidering only, that while the body dc- 
feends, the power of gravity muft aft over again, in an invert- 
ed order, all the influence it had on the body in its alcent ; 
fo as to give again to the; body die fame degrees of velocity, 
which it had taken away before. 


11. x'\ftrr the fame manlier, if the body were thrown 
upwards in the oblique ftraight line C A ( in fig. 9. ) from the 
goint C, with fuch a degree of velocity as juft to reach die 
point A ; it fliall by its own weight return again through the 
line A C by the lame degrees, as it afcended. 




15. laftly, if a body were thrown with any velocity 

in a line continually incurvated upwards, die like effeft will 
be prpduced upon its return to the point, whence it was 
thrown. Suppofe for inftance, the body A (in fig. 11.) were 
hung by a firing A B. Then if this body be impelled any 
* ‘ I 1 way. 
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way, it muft move in tKe arch of a circle. Let it receive Inch 
an impulfe, as Ihall caufe it to move in the arch AC; and let 
this impulfe be of fuch ftrength, that the body may be car- 
ried from A as far as D, before its motion is overcome by its 
weight : I fay here, that the body forthwith returning from 
D, Ihall come again into the point A with the fame velocity, 
as that wherewith it began to move. 

I T will be proper in this place to obfeiwe concerning 
the power of gravity, that its force upon any body docs not 
at all depend upon the fhape of the body ; but that it conti- 
nues conftantly the fame without any variation in the fame 
body, whatever change be made in the figure of the body ; and 
if tlie body be divided into any number of pieces, all thofc 
pieces (hall weigh juft the fame, as they did, when united 
together in one body : and if the body be of a uniform con- 
texture, the weight of each piece will be proportional to its 
bulk. This has given reafon to conclude, that the'^oWer of 
gravity adls upon bodies in proportion to the quantity of mat- 
ter in them. Whence it fhould follow, that aft bodies muft 
fall from equal heights in the fame fpace of time. An(^s 
we evidently fee the contrary in feathers and fuch hkc fub- 
ftances, which fall very llowly in comparifon of more folid 
bodies ; it is reafonable to fuppofe, that fome otlicr caufe con- 
curs to make fo manifeft a difterenca This .caufe'-has been 
fo\md by particular experiments to be the air. The experi- 
ments for tliis purpofe are made thus. They let up a very 
tall hollow glafs ; within which near the top they lodge a fea- 
ther and fome very ponderous body, ufually a piece of gold, ; 
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this metal being the moft weighty of any body known to us. 
This glafs they empty of the air contained within it, and by 
ihoving a wire, which pafles through the top of the glafs, they 
let tlic feather and the heavy body fall togetlicr ; and it is al- 
ways. found, that as the two bodies begin to defcend at the 
fame time, fo they accompany each other in the fall, and 
come to the bottom at the very fame inftant, as near as the eye 
canjudgg.-— Thus, as far as this experiment can be depended 
on, it is certain, that the eftedl of the power of gravity upon 
each body is proportional to the quantity of folid matter, or to 
the power of inadivity in each body. For in the limited 
fenfc, vyhich we have given above to the word motion, it has 
been fhewn, that the lame force gives to all bodies tlie fame 
degree of motion, and different forces communicate different 
•degrees of motion proportional to the refpedive powers In 
this cafe, if the power of gravity were to ad equally iipon the 
feather, and upon the ipore Iblid body, the folid body would 
defcenS’fo much flower than the feather, as to have no great- 
er degree of motion than the feather : but as both bodies de- 
fcend ^with •equal fwiftnefs, the degree of motion in the folid 
Jeady is greater tlian-in the feather, bearing the fame propor- 
tion to it, as the quantity of matter in the folid body to the 
quantity of jnattcr in the feather. Therefore the effed of 
gravity oi^e folid body is greater than on tlic feather, in pro- 
portioi/to th© greater degree of motion communicated ; that 
is, the effed of the power of gravity on the folid body bears 
the fame proportion to its effed on the feather, as the quanti- 
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ty of matter in the folid body bears to the quantity of matter 
in the feather. Thus it is the proper dedudion from this expe- 
riment, tliat the power of gravity a6ts not on the furface of bo- 
dies only, but penetrates the bodies themfelvcs moft intimately, 
and operates alike on every particle of matter in them. But 
as the great quicknefs, with which the bodies fall, leaves it 
fomething uncertain, whether they do clefcend abfolutely in 
the fame time, or only fo nearly together, tliat the difference "" 
in their fvvift nrotion is not difcernable to the eye ; this pro- 
perty of the power of gravity, which has here been deduced 
from this experiment, is farther confirmed by pendulums, 
whofe motion is fuch, that a very minute difference would 
become fufficiently fenfible. This will be farther difeourfed 
on in another place •* ; but here I fhall make ufe of the prin- 
ciple now laid down to explain the nature of what is called 
the center of gravity in bodies. 

IT- Th V. center of gravity is that point, by wETch if a 
body be fiifpended, it ffiall hang at reft in any fituation. In 
a globe of a uniform texture the center of gravity is the fame 
with the center of the globe ; for as the parts of the globe »«=* 
every fide of its center are fimilarly difpofed, and the power 
of gravity arts alike on every part ; it is evident, that the parts 
of the globe on each fide of the center arc drau^with equal 
force, anil therefore neither fide can yield to the otm^r ; but 
the globe, if fupported at its center, muff of ncceflity hang 
at reft. In like manner, if two equal bodies A and B ( in 


* Book II. Chip. 5. § 5. 
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fig. 1 3 . ) be hung at the extremities of an inflexible rod C D, 
which fliould have no weight ; tliefe bodies, if the rod be 
fupported at its middle E, fhall equiponderate ; and the rod 
remain without motion. For the bodies being equal and at 
the lame diftance from the point of fupport E, the power of 
gravity will ad: upon each with equal ftrength, and in all rc- 
fpeds under the fame circumftances ; therefore the weight of 
cannot overcome the weight of the other. The weight 
of'A'TlanTio more furmount the weight of B, than the weight 
of B can furmount the weight of A. Again, fuppole a bo- 
dy as A B (in fig. 14.) of a uniform texture in the form of a 
roller, or as it is more ufually called a cylinder, lying hori- 
zontally! If a ftraight line be drawn between C and D, the 
centers of the extreme circles, of this cylinder; and if this 
straight line, commonly called the axis of the cylinder, be 
divided into two equal parts in E : this point E will be tlie 
center of gravity of the cylinder. The cylinder being a uni- 
form figare, the parts oh each fide the point E are equal, and 
fituated in a perfedly fimilar*manncr ; tlicrefore this cylin- 
der, if fupported at the point E, muft hang at reft, for the 
fame reafon as the inflexible rod above-mentioned will remain 
without motion, when fufpended at its middle point. And 
it is evident, that the force applied to tlie point E, which 
would upl^id the cylinder, muft be equal to the cylinder’s 
weight. . ^ow fuppofe two cylinders of equal thicknefi AB 
and C 6 to be joined together at C B, fo that the two axis’s 
E'p, and F G lie in one ftraight line. Let the axis E F be di- 
vided into two equal parts at H, and die axis F G into two 

equal 
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equal parts at I. Then becaufe the cylinder A B would be 
upheld at reft by a power applied in H equal to the weight of 
tins cylinder, and the cylinder C D would likewife be upheld 
by a power applied in I equal to the weight of this cylinder j 
the whole cylinder A D will be fupported by thefe two ppwers : 
but the whole cylinder may likewife be fupported by a power 
applied to K, the middle point of the whole axis EG, provided 
that power be equal to the weight of the wholc^ cylinder, 
is evident therefore, that this power applied in K will pfodticc 
the fame elFed, as the two other powers applied in H and I. It 
is farther to be obferved, that H K is equal to half F G, and 
KI equal to half E F ; for E K being equal to half E G, and E H 
equal to half F. F, the remainder H K muft be equal to half 
the remainder F G ; fo likewife G K being equal to half G E, 
and G I equal to half G F, the remainder I K muft be equal to 
half tlie remainder E F. It follows therefore, tliat H K bears 
the fame proportion to K I, as F G bears to E F. Befides, I 
believe, my readers will perceive, and it is demortfti-ated in 
form by the geometers, that'the whole body ol the cylinder 
CD bears the fame proportion to die whole body of the cy- 
linder A B, as the axis F G bears to the axis E F But h ence 
it follows, that in the two powers applied at H and I, the 
power applied at H bears the feme proportion to die power 
applied at I, as KI bears to KH. Now fuppeife two firings 
HLand I M extended upwards, one from the poim^ and the 
other from I, and to be laid hold on by two powers, one 
ftrong enough to hold up the cylinder A B, and the odieif of 


* See Euclid’s Elcn.cni'i. B^ok Ml. prop. 13. 
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ftrcngtfi fufficieHt to fupport the cylinder C D. Here as tliefe 
tvo powers uphold the whole cylinder, and therefore pro- 
duce an effect, equal to what would have been produced by 
a power applied to the point K of lufficient force to fuftain the 
whole cylinder : it is manifeft, that if the cylinder be taken 
away, the axis only being left, and from the point K a firing, 
as K N, be extended, which fliall be drawn down by a power 
cquiwJeiTC tb*the weight of the cylinder, this power fhall ad 
againft the other two powers, as much as the cylinder aded 
againft them ; and confequently thefe three powers fliall be 
upon a balance, and hold the axis H I fixed between them. 
But if thefe three powers preferve a mutual balance, the 
two powers applied to the firings H L and I M arc a balance 
to each other ; the power applied to the firing H L bearing 
the fame proportion to the power applied to the firing 1 M, 
as the diftance .1 K bears to the diflance K H. Hence it far- 
ther appears, that if an* inflexible rod AB (in fig. ly.) be 
fufpended by any point C not in the middle thereof; and if 
at A the end of' the fliorter arm be hung a weight, and at B 
the end of the longer arm be alfb hung a weight Icfs than 
the other, and tliat the greater of thefe weights bears to the 
lefler the fame proportion, as the longer arm of the rod bears 
to the fliortev ; them tliefc two weights will equiponderate : 
for a power applied at C equal to both thefe weights will fup- 
port without ii^tion the rod thus charged ; fince here no- 
thing is changed from the preceding cafe but the fitua- 
tion of the powers, which are now placed on the contra- 
ry fides of the line, to which they arc fixed. Alfo for the 

K fame 
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fame rcafon, if two weights A and B ( in fig. i 6 .) Were con- 
neded together by an inflexible rod C D, drawn from C tfie 
center of gravity of A to D the center of gravity of B ; and 
if the rod C D were to be fo divided in E, that the part D E 
bear the fame proportion to the other part CE, as the weight 
A bears to the weight B : tlien this rod being fupported at E 
will uphold the weights, and keep them at reft without mor, 
tion. This point E, by which the two bodies A alTd-'B -rt iiLbe 
fupported, is called their common center of gravity. And if 
a greater number of Iwdies were joined together, the point, by 
which they could all be fupported, is called the common center 
of gravity of them all. Suppofc ( in fig. 1 7. ) there were three 
bodies A, B, C, whofe refpedive centers of gravity were joined 
by the three lines D E, D F, E F : the line D E being fo divided 
in G, that D G bear the fame proportion to G E, as B bears to 
A ; G is the center of gravity common to the two bodies A 
and B ; that is, a power equal to the weight of bofli -the bo- 
dies applied to G would fupport them, and the point G is 
preffed as much by the two weights A and B, as it would be, 
if they were both hung together at that point. ' Therefore, 
if a line be drawn from G to F, and divided in H, fo tliat G H 
bear the lame proportion to H F, as the weight C bears to 
both the weights A and B, the point H will bc^the eomm.on 
center of gravity of all the three weights ; for ri would be 
their common center of gravity, if both the weights A and B 
were hung togedier at G, and the point G is prefied as mucli- 
by them in their prefent fituation, as it would be in that cafe. 
In the fame manner from die common center of thefc three 
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weights, you might proceed to find the common center, if a 
fqurth weight were added, and by a gradual progrefs might 
find the common center of gravity belonging to any number 
of weights whatever. 

16. As all this is the obvious confequcnce of the propofi- 
tion laid down for afilgning the common center of gravity of 
jn^Uaw^vdghts, by the fame propofition the center of gra- 
vity of all figures is found. In a triangle, as A B C (in 
fig. 18.) the center of gravity lies in the line drawn from the 
middle point of any one of the fidcs to the oppofite angle, 
as the line B D is drawn from D the middle of the line A C to 
the oppofite angle B * ; fo that if from the middle of cither 
of the other fides, as from the point E in the fide A B, a line 
be drawn, as EC, to the oppofite angle ; the point E, where 
this line crofles die other line B D, will be the center of gra- 
vity of the triangle Likewife DF is equal to half I’B, and 
E F equalT^half F C ^ In a hcmifphere, as A B C ( fig. i (>.) 
if from D the'Venter of the bafe the line D B be creded per- 
pendicular to ^t bafe, and this line be fo divided in E, that 
D E be equal to three fifths of B E, the point E is the center of 
gravity of the heinifphere \ 


17. I T \vill be of ufe to oblerve concerning the center of 
gravity ^f bodies ; that fince a power applied to this center 
alone can luppfJTt a body ag^nft tlie power of gravity , and 
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hold it fixed at reft j the effed of the power of gravity on a* 
body is the fame, as if that whole power were to exert itfelf 
on the center of gravity only. Whence it follows, that, when 
the power of gravity afts on a body fufpended by any point, 
if the body is fo fufpended, that the center of gravity of the 
body can deicend ; tbe power of gravity will give motion to 
diat body, otherwile not : or if a number of bodies are fo.^ 
Gonneded together, that, when any one is put*intcr=nw>tioay. 
the reft ftiall, by the manner of their being joined, receive 
luch motion, as ftiall keep their common center ol gravity at 
reft ; then the power of gravity ftiall not be able to produce- 
any motion in thcfe bodies, but in all other cafes 'it wilL 
Thus, if the body AB (infig. io,xi.) whofe center of gra- 
vity is C, be hung on the point A, and the center C be per- 
pendicularly under A (as in fig. lo. ) the weight of the bo- 
dy will hold it ftill without motion, becaul? the center C 
cannot defeend- any lower. But if the body be removed in- 
to any other fituation, where^the center G is noC‘ perpendi- 
cularly under A ( as in fig. x i. ) the body by its weight will 
be put into motion towards the perpendicular, fituation of its 
center of gravity, Alfo if two bodies A, B (in fig. xi.) be 
joined together by the rod C D lying in an horizontal fitua- 
tion, and be fiipported at the point E ; if this point be tfie 
center of gravity common to the two bodies, their weight 
ivill not put them into motion ; but if this point E is n^t their- 
common center of gravity, the bodies will move ; that parr . 
of the rod CD defeending, in which the common center jf 
gravity is founds So in like manner, if thefe two bodies were 
cpnneded together by any more complex contrivance ; yeti 

if 
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if one of the bodies cannot move without fo moving the 
other, that their common center of gravity fhall reft, the 
weight of the bodies will not put them in motion, otherwile 
it will; 

x8. r s H A L L proceed in the next place to {peak of the me- 
chanical powers. Thefe are certain inftruments or machines^ 
■ eonfl iveS for the moving great weights with fmall force j and 
their effefts are all deducible from the oblervation we have 
juft been making. They are ulually reckoned in number 
five ; the lever, the wheel and axis, the pulley, the wedge, 
and the*{crew; to which fome add the inclined plane. A» 
thefe inftruments have been of very ancient ufe, fb the cele- 
.brated Archimedes feems to have been the firft, who difi 
covered the true reafon of their effeds. This, I think, may be 
colleded from what is related of him, that fbme cxpreftlons, 
which he-^fed to deno’te the unlimited force of thefe in- 
ftruments , were received as very extraordinary paradoxes : 
whereas to th^, who had underftood the caufe of their 
great force, jio^expreftions of that kind could have appeared 
lurprizing. 

*19. All the effeds of thele powers may be judged of by 
this one rule, that, when two weights are applied to any of 
thefe ififtrumeafis, the weights will equiponderate, if, when 
pat into motion, their velocities will be reciprocally propor- 
tional to their refpedive weights. And what is laid of weights, 
muft of neceflity be equally underftood of any other forces 

equi- 
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equivalent to weights, fucli as the force of a man’s arm, a 
dream of water, or the like. 

30. But to comprehend the meaning of this rule, the 
reader mud know, what is to be underdood by reciprocal 
proportion ; which I lhall now endeavour to explain, as di- 
dindly as I can ; for I dial! be obliged very frequently to 
make ufe of this term. When any two things are fo'^refeted, 
that one incrcafcs in the fame proportion as the other, they arc 
dircdtly proportional. So if any number of men can perform 
in a determined fpace of time a certain quantity of any work, 
fuppofe drain a fifh-pond, or the like ; and twice the num- 
ber of men can perform twice the quantity of the frme work, 
in the fame time; and three times the number of men can 
perform as foon thrice the work ; here the number of men 
and the quantity of the work arc dircdlly proportional. On 
the other hand, wiicn two things arc^fo related, thaj" one de- 
creafes in the fame proportion,, as the other incrcafcs, they 
arc faid to be reciprocally proportional. Thjls if twice the 
number of men can perform the fame work iiyhalf the time, 
and three times the number of men can finifh the fame in a 
third part of the time ; then the number of men and the 
time arc reciprocally proportional. We fhewed above ’ how 
to find the common center of gravity of two bodies, there 
the didances of tliat common center from tlic tenters r>f gra- 
vity of the two bodies are reciprocally proportional to the r^»»- 
fpcdivc. bodies. For C K in fig. 1 6 . being in die fame prb- 

. portion 
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portion to ED, as B bears to A ; CE is fo much greater in 
proportion than ED, as A is leis in proportion than B. 

Now this being underftood, the rcafon of the rule 
"here ftated will eafily appear. For if thefe two bodies were 
put in motion, while the point E reftcd, the velocity, where- 
with A would move, would bear the lame proportion to the 
velocit y, .wherewith B would move, as E C bears to R D. The 
velocity therefore of each body, when the common center 
of gravity refts, is reciprocally proportional to the body. But 
we have fhewn above tliat if two bodies are fo connefted to- 
gether, ,that the putting them in motion will not move their 
common center of gravity ; the weight of thofe bodies will 
not produce in them any motion. Therefore in any of thefe 
Inechanical engines, if, when the bodies are put into motion, 
their velocities are reciprocally proportional to tlieir rel])cdive 
weights, whereby the c.ommon center of gravity would re- 
main at rel^ tlie bodies will not receive any motion from their 
weight, that 'is. they will equi|X)nderate. But this perhaps 
will be yet jnory clearly conceived by the particular deforip- 
tion of each ifiechanical power. 

52. The lever was firlf named above. This is a bar made 
ufe* of to fuftain and move great weights. The bar is ap- 
plied in one pgrt to fome ftrong fupport ; as the bar A B ( in 
4 ig. 2g^ 24. )-i**pplied at the point C to the fupport D. In 
otiicr part of the bar, as R-, is applied the weight to be 
fuftained or moved ; and in a third place, as F, is applied ano- 
ther weight or equivalent force, which is to luftain or move 

• § 27 the 
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•the weight at E. Now here, if, when the lever fliould be 
put in motion, and turned upon the point C, the velocity, 
■wherewith the point F would move, bears the fame propor- 
tion to the velocity, wherewith die point E would move, ' V 
the weight at E bears to the weight or force at F ; then the 
lever thus charged will have no propenfity to move either 
way. If the weight or other force at F be not fo great as to 
bear this proportion, the weight at E will not be 
but if the force at F be greater than this, the weight at E will 
be furmounted. This is evident from what has been faid 
above *, when the forces at E and F are placed (as in fig. i g .) 
.on different fides of the fupport D. It will appear alfo equal- 
ly manifeft in the other cafe, by continuing the bar B C in 
fig. aq. on the other fide of the fupport D, till CG be equal 
to C F, and by hanging at G a weight equivalent to the power 
at F ; for then, if the power at F were removed, the two 
weights at G and E would counterpoize each c^lipr, as in 

the former cafe : and it is evident, that the point F will 
be lifted up by the weight at G with the |&me degree of 
force, as by the other power applied to F'j. fihee, if the 
weight at E were removed, a weight hung at F equal to 
diat at G would balance the lever, the diftanccs CG and 
C F being equal. 

33. If the two weights, or other powers, 'applied to the'j 
lever do not counterbalance each other ; a tliird pow er ma^ 
be applied in any place propofed of the lever, which /hill 
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hold the whole in a jiiil counterpoize. Suppofe ( in fig.i j-.) 
tlie two powers at H and F did not equiponderate, and it were 
required to apply a tliird power to tlie point G, that might be 
^J^cicnt to balance the lever. Find what power in F would 
juft counterbalance the power in F ; then if the difference 
Dctween tips power and that, which is adually applied at F, 
bear the fime proportion to the thirti power to be applied at 
^ , as the diftance CG bears to C F ; the lever will be coun- 
terpoized by the help of this third power, if it be fo applied 
as to a<ft the fame way with the power in 1', when that power 
is too fmall to counterbalance the power in ; but other- 
wife the, power in G muft be fo applied, as to aeft againft the 
power in F. In like manner, if a lever were charged with three, 
or any greater number of weights or other powers, which did 
*not counterpoize each other, another power might be applied 
in any place propofed, which ftiould bring the whole to a 
juft balat^c. And whaj is here faid concerning a plurality of 
powers, be equally applied to all the following cafes. 

34. If thetlcvcr fhould confift of two arms making an 
angle at the point C (as in fig. i6.) yet if the forces are ap- 
plied perpendicularly to each arm, the fame proportion will 
hold between tlie forces applied, and the diftanccs of the cen- 
ter, whereon the lever refts, from the points to which they 
lare applied. -That is, the weight at E will be to the force in 

‘ S.in th g>fatneTW)portion, as C F bears to C E. 

• 

g y. But whenever the forces applied to the lever a(ft: ob- 
liqjiely to the arm, to which they are applied ( as in fig. 17. ) 

• L then 
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then the ftrength of the forces is to be eftimated by lines 
fall from the center of the lever to the diredions, wherein tjjie 
forces ad. To balance the levers in fig. 17, the weight or 
other force at F will bear the fame proportion to the wei^it^^ 
at E, as the diftance C E bears to C G the perpendicular let fall^ 
from tlic point C upon tiic line, which denotes the.diredion 
wherein the force applied to F ads : for here, if the lever be 
put into motion, the power applied to F will begin termove ia 
the diredion of the line F G ; and therefore its firft motion will 
be the fimc, as the motion of the point G. 

3 d . W u F. N two weights hang upon a lever, and tfie point, 
by which the lever is fupported, is placed in the middle be- 
tween the two weights, that the arms of the lever arc both 
of equal length ; then this lever is particularly called a ba- 
lance; and equal weights equiponderate as in common fcales- 
When the point of fupport is not equally diftantjjirom both 
weights, it conftitutes that inllrumcnt for weighing, which 
is called a fteclyard. Though both in coinmoij leales, and the 
ftcclyard, the point, on which the beam is'h ang, is not ufu- 
ally placed juft in the fame ftraight line with the points, that 
hold the weights, but rather a little above ( as in fig. i8. ) 
where the lines drawn from the point C, whereon the beam 
is fufpended, to the points E and F, on which the weights are 
hting, do not make abfolutely one continued line. . If thcv 
three points E, C, and F were in one ftraight line, thofe 
which equiponderated, when the beam hung horizontally, 
would alfo equiponderate in any other fituation. But we 
fee in tliefe inftruments, when they are charged with weights, 

which 
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>i^hich equiponderate with /he beam hanging horizontally ; 
that, if the beam be inclined either way, the weight moft 
elevated furmounts the other, and defcends, caufing the beam 
jtj^wing, till by degrees it recovers its horizontal pofition. 
This dffedl ariles from the forementioned ftrudure : for by 
tliis ftru6li|i’e thefe inftnimcnts arc levers compoled of two 
■ arms, which make an angle at the point of fupport ( as in 
fig. 19, go.)* the firft of which rcprefents the cafe of the 
common balance, the fecond the cafe of the ftcelyard. In 
the firfi, where CE and CF are equal, equal weights hung 
at E and F will equiponderate , when the points E and F arc 
in an horizontal fituation. Suppofe the lines E Cl and F H to 
be perpendicular to the horizon, then they will denote the di- 
re<fl:ions, wherein the forces applied to E and F aft. There- 
fore the proportion between the weights at E and F, which 
fhall equiponderate, are to be judged of by perpendiculars, 
as C j let fall from C upon E G and F H : fo that the 
weights beiri^ equal, die lines Cl, C K, muft be equal alfo, 
when the weights equiponderate. But I believe my readers 
will eafily lee, that fince C E and C F arc cqlial, the lines 
C I and C K will be equal, when the points E and F arc ho- 
rizontally fituated. 


gy. If this lever be fet into any other pofition ( as in 
3 I' ) * ^en t he weight, which is railed higheft, will out- 
otl^p^.^rislerc, if the point F be raifed higher than 
E, • the perpendiltular C K will be longer than C I : and there- 
fore the weights would equiponderate, if the weight at F 
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were lefs than the weight at E. 'iBut the weight at F is equA^ 
to that at E ; therefore is greater, than is necelTary to counter- 
balance the weight at E , and confequently will outweigh it. 
and draw the beam of the lever down. 

38. In like manner in the cafe of the ftcelyard ( fig. 3 1.*) 
if the weights at E and F are fo proportioned, as to equipon-, 
derate, when the points E and F are horizontally fituated ; 
then in any other fituation of this lever the weight, which is 
raifed higheft, will preponderate. That is, if in the hori- 
zontal fituation of the points E and F the weight at F bears 
the fame proportion to the weight at E, as C I bears to C K ; 
then, if the point F be raifed higher than E ( as in fig. 31. ) 
the weight at F fliall bear a greater proportion to the weiglit 
at E, than C I bears to C K. 

39. Farther a lever may be hung upon an axis, and 

then the two arms of the lever need not be continuwi::, but 
fixed to different parts of this axis ; as in fig. 33, where 
the axis A B is fupported by its two extremities A and B. To 
this axis one arm of the lever is fixed at the point C, the other 
at die point D. Now here, if a weight be hung at E, the 
extremity of that arm, which is fixed to the axis at the point 
C ; and another weight be hung at F, the extremity of the 
arm, which is fixed on the axis at D ; then, thefe weights, 
will equiponderate, when the weight at*p'4?.ia4;c^e lam’i 
proportion to the weight at F, as tliT a’.u DFbSfff to 
CE. ' 


40. T 
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40. This is the cafe, if both the arms are perpendicular 
tQ the axis, and lie ( as the geometers exprefs thenifelvcs ) 
in the fame plane ; or, in other words, if the arms arc fo fix- 

perpendicularly upon the axis, that, when one of them 
lies horizontally, the other fhall alfo be horizontal. If ei- 
ther arm fHind not perpendicular to the axis ; tlien, in de- 
termining the proportion between the weights, inftead of the 
length of that arm, you muft ufe the perpendicular let fall 
'upon die axis from the extremity of that arm. If the arms 
are’ hot fo fixed as to become horizontal , at the fame time ; 
the method of afligning the proportion between the weights 
is analo2:ous to that made ufe of above in levers, which make 
an angle at the point, whereon they are fup ported. 

41. F ROM this cafe of the lever hung on an axis, it is ea- 
fy to make a tranfition to another mechanical power, the 
wheel and axis. 

V 

41. This inftrument is a wheel fixed on a roller, tlie 
roller being fupported at each extremity fo as to turn 
round freely with the wheel, in the manner reprefented in 
fig. 3 4, where A B is the wheel, C D the roller, and F. F its 
two fupports. Now fuppofe a weight G hung by a cord 
wound round the roller, and another weight H hung by a 
cord wound* about the wheel the contrary way : that thele 
‘ weights rpiffjrfuj^port each other, the weight H muft bear the 
fame propofli'^’To'the weight G, as the thicknefs of the rol- 
ler bears to the diameter of the wheel. 


43. Suppose 
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45. Suppose the line ^ / to be drawn through the mid\ 
die of the roller ; and from the place of the roller, where 
the cord, on which the weight G hangs, begins to leave the 
roller, as at w, let the line « be drawn perpendicularly 
h I \ and from the point, where the cord holding the weight 
H begins to leave the wheel, as at o-, let the line ojx be drawn 
perpendicular to kl. This being done, the two lines op 
and mn reprefent two arms of a lever fixed ori the axis kl\ 
confcquently the weight H will bear to the weight G the fims'' 
proportion, as mn bears to op, bears the frme |)ro- 

portion to 0 /), as the thicknefs of the roller bears to the dia- 
meter of the wheel ; for mn is half the tliicknefs of the roller, 
and op half the diameter of the wheel. 

44. If the wheel be put into motion, and turned once’ 
round, that the cord, on which the weight G hangs, be 
wound once more round the axis; then at the fame time the 
cord, whereon the weight H hangs, will be woimd oft from 
the wheel one circuit. Therefore the velocity of the weight 
G will bear the fame proportion to the velocity of the weight 
n, as the circumference of the roller to the circumference of 
the wheel. But the circumference of the roller bears the fame 
proportion to the circumference of the wheel, as the thieje- 
nefs of the roller bears to the diameter of the wheel, confe- 
qvicndy the velocity of the weight G bears to* the velocity' 
of the weight H the fame proportion, ^s * he^thickr ^s 
the roller bears to the diameter of the whe^l, which is the 
proportion that the weight H bears to the weight G. There- 
fore as before in the lever, fo here alfo the general tuIq laid”* 

down 
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Jown above is verified, tliat the weights equiponderate, when 
(Aeir velocities would be reciprocally propwrional to their 
relj^^live weights. 


In like manner, if on the fame axis two wheels of dif- 
iFerent fizes arc fixed ( as in fig. ^ y. ) and a weiglit hung on 
#each ; the weights will equiponderate, if the weight hung on 
the greater wheel bear the fame proportion to the weight hung 
'oo^the lefler, as the diameter of the lefler wheel bears to the 
diameter of the greater. 


4.6". I t is ufual to join many wheels together in the fame 
frame, wliich by the means of certain teeth, formed in the cir- 
cumference of each wheel, fhall communicate motion to each 
other. A machine of this nature is reprefented in fig. g 6. Here 
A B C is a winch, upon which is fixed a fmall wheel D indent- 
ed with teeth, which move in tlie like teeth of a larger wheel 
EF fixed' on :the axis G H. Let this axis carry another wheel 
I, which fliall move in like manner a greater wheel K L fixed 
on the axis M N. , Let this axis carry another fmall tvheel O, 
which after the fame manner fhall turn about a larger wheel 
P Q, fixed on the roller R S, on which a cord fhall be wound, 
that holds a weight, as T. Now the proportion required be- 
tween the weight T and a power applied to the winch at A 
ijjafficient to fuppcMrt the weight, will moft eafily be eflimated, 
comD’’^i% th0^ proportion, which the velocity of the point 
A would bear 'dfc'the* velocity of the weight. If the winch be 
turned round, tlie point A will deferibe a circle as A V. Sup- 
^fe the wheel EF to have ten times the number of teeth, ^s 

the 
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the wheel D; then the winch muft turn round ten times 
carry the wheel EF once round. If the wheel KL has alfo ten 
times the number of teeth, as I, the wheel I muft turn ro^nd 
ten times to carry the wheel KL once round ; and coiSiijb- 
quently tlie winch ABC muft turn round an hundred times^, 
to turn the wheel KL once round. Laftly, if tile wheel P(^ 
has ten times the number of teeth, as the wheel O, ' the winch . 
muft turn about one thoufand times in order to turn the wheel 
PQ^, or the roller RS once round. Therefore here the po^it 
A muft have gone over the circle A V a thoufand times, or- 
der to lift the weiglit T through a fpace equal to the circum- 
ference of the roller R S ; whence it follows, that the power 
applied at A will balanee the weight T, if it bear the fame 
proportion to it, as the circumference of the roller to one 
thou find times the circle A V ; or the fame proportion as half 
the thicknefs of the roller bears to one thoufand times A B. 


q.7. I SHALL now explain the effeeft of the^pulley. Let 
a weight hang by a pulley, as in fig. g 7. Here it is evi- 
dent, that the power A, by which the weight B is fupported, 
muft be equal to the weight ; for the cord C D is equally 
ftrained between them ; and it the weight B move, the power 
A muft move with equal velocity. The pulley E has no other 
efteft, than to permit the power A to a(ft in another diredlion, 
than it muft have done, if it had been diredfly applied to fuppof^ 
the weight without the intervention of any’^iidrirtftiiymeqt/ 

4.8. Again, let a weight be fupportefl, as in fig. g8^ 
^'here tlie weight A is fixed to the pulley B, and the cord,^/ 

wmetr- 



Chap. 2. PHILOSOPHY. 8i 

a^ich the weight is upheld, is annexed by one extremity to a 
[hook C, and at the other end is held by the power D. Here 
tbe weight is fupported by a cord doubled ; infomuch tliat 
although the cord were not ftrong enough to hold the weight 
fingle, yet being thus doubled it might fupport it. If the 
end of the cord held by the power D were hung on the hook 
. C, as well as the other end ; then, when both ends of the cord 
were tied to vhe hook, it is evident, that the hook would 
h^r the whole weight ; and each end of the firing would 
bcafvigginfl the hook with the force of half the weight only, 
feeing both ends together bear with the force of the whole. 
Hence it, is evident, that, when tlic power D holds one end of 
the weight, the force, which it muft exert to fupport the 
weight, muft be equal to juft half the weight. And the fame 
proportion between the weight and power might be colleift- 
ed from comparing the relpedlive velocities, with which they 
would move ; for it is c,vident, that the power muft move 
through a fpace equal to twice the diftance of the pulley from 
the hook, in order to lift the pulley up to the hook. 

4,p. I T is equally cafy to eftimate the effect, when many 
pulleys are combined together, as in fig. g p, q,o ; in die firft 
of which the under fet of pulleys, and confequcntly the 
weight is held by fix firings j and in the latter figure by five : 
therefore in th,e firft of thefe figures die power to fupport the 
weight, muft.be t)ne fixth part only of the weight, and in 
the latter figure die power muft be one fifth part. 

i 

SO. -There 

\ 


M 
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so. There are two other ways of fupporting a weight 
by pulleys, which I fliall particularly confider. 

SI. O N E of (hefe ways is teprefented in fig. 4 1 . Here the 
weight being conneded to the pulley B, a power equal to 
half the weight A would fiipport the pulley C, if applied im- 
mediately to it. Therefore the pulley C is drawn down 
with a force equal to half the weight A. But if the pulley D 
were to be immediately fiipported by half the force, w'th 
which the pulley C is drawn down, this pulley D will*up’hold 
the pulley C ; fo that if the pulley D be upheld with a force 
equal to one fourth part of the weight A, that force will flip- 
port the weight. But, for the fame reafon as before, if the 
power in E be equal to half the force neceflary to uphold the 
pulley D ; this pulley, and confequently the weight A, will 
be upheld : therefore, if the power in E be one eighth part 
of the weight A, it will fiipport the weight. 

r 

SX. Another way of applying pulleys to a weight is 
reprefented in fig. 41. To explain the effeift of' pulleys thus 
applied, it will be proper to confider different weights hang- 
ing, as in fig.4g. Here, if the power and weights balance each 
other, the power A is equal to the weight B ; the weight C is 
equal to twice the power A, or the weight B ; and for the fame 
reafon the weight D is equal to twice the weight C, or equal^ 
to four times the power A. It is evident therefor^ that all 
the three weights B, C, D together are equal to feven times the . 
power A. But if thefe three weights were joined in one, they ^ 
^Ould produce the cafe of fig. 40 : fo that in that figure 
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^eight A, where there are three pulleys, is leven times the 
^owerB. If there had been but two pulleys, the weight would 
haiie been three times the power ; and if there had ben four 
pulleys, the weight would have been fifteen times the power. 

yg. The wedge is next to be confidered. The form of 
this inftrument is fiifficiently known. When it is put under 
any weight (as in fig. 44.) the force, with which the wedge 
wi|i lift the weight, when drove under it by a blow upon the 
endW'S, will bear the fame proportion to the force, where- 
with the blow would adl on the weight, if direftly appUed to 
it ; as the velocity, which the wedge receives from the blow, 
bears to the velocity, wherewith the weight is lifted by the 
^wedge. 

The ftrew is the fifth mechanical power. There are 
two ways of applying tliis inftrument. Sometimes it is ftrewed 
into a holcf as in fig. 4.^, where the fcrew AB is fcrewed 
through the plank C D. Sometimes tlie fcrew is applied to 
the teeth of a wheel, as in fig. 4.^, where the thred of the 
fcrew A B turns in the teeth of a wheel C D. In both tlicfe 
cafes, if a bar, as A E, be fixed to the erAl A of the fcrew j the 
force, wherewith the end B of the fcrew in fig. is 
forced down, and the force, wherewith the teeth of tlic 
wheel .CD id fig. 44 are held, bears the fame proportion 
to the power applied to the end E of the bar j as the velocity, 
wherewith the end E will move, when the fcrew is turned, 
bears to the veldcity, wherewith the end B of the fcrew in fig. 
,^ 43 > or the teeth of the wheel C D in fig. 4^, will be moved. 

M X yy. Tufe 
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ff. The inclined plane affords alfo a means of railing \ 
a weight with lefs force, than what is equal to the weight 
felf. Suppofe it were required to raife the globe A ( iii fig. 
4,7. ) from the ground B C up to the point, whofe perpendi- 
cular height from the ground is E D. If this globe be drawn 
along the llant D F, lefs force will be required to nufe it, than _ 
if it were lifted direftly up. Here if the force iipplied to the 
globe bear the fame proportion only to its weight, as E D bears 
to F D, it will be fufficient to hold up the globe ; and tbefo- 
fore any addition to that force will put it in motion, and draw 
it up ; unlefs the globe, by prelfing againft the plane, where- 
on it lies, adhere in fome degree to the plane. This indeed 
it muff always do more or lels, fince no plane can be made lb 
abfolutely fmooth as to have no inequalities at all ; nor yet fo 
infinitely hard, as not to yield in the leall to the prcfllirc of the 
weight. Therefore the globe cannot be laid ‘on luch a plane, 
whereon it will Hide with perfed freedom, but they mull in 
fome meafure rub againft each other ; and tliis fridion will 
make it neceffary to iniploy a certain degree of force more^ 
than what is necellary to lupport the globe, in order to give 
it any motion. But as all the mechanical powers are fubjed 
in Ibme degree or other to the like impediment from fridion j 
I lhall here only Ihew what force would be neceffary to'lli- 
ftain the globe, if it could lie upon the plane .without cauf- 
ing any fridion at all. And I lay, that, if the globe were 
drawn by the cord G H, lying parallel to the plane D F ; and 
the force, wherewith the cord is pulled, ^ bear the laine 
proportion to the weight of the globe, as ED bears to DF^ 

this- 
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..ihis force will fuftain the globe. In order to the making 
pipof of this, let the cord G H be continued on, and turned 
ovef the pulley I, and let the weight K be hung to it 
Now I lay, if this weight bears the fame proportion to 
the globe A, as D E bears to D F, the weight will fupport 
the globe. I diink it is very manifeft, that the center of the 
globe A will lie in one continued line with the cord H G. Let 
L be the center of the globe, and M the center ol gravity of 
th^ weight K. In the hrft place let the weight hang fo, that 
a line-drawn from L to M fhall lie horizontally ; and I fiy, 
if the globe be moved either up or down the plane D F, the 
weight will fo move along with it, that the center of gravity 
common to both the weights fhall continue in this line L M, 
and therefore fhall in no cafe defeend. To prove this more 
Vully, I fhall depart a little from the method of tliis treatile, 
and make ufe of a mathematical proportion or two : but they 
are fuch, as any perfon, who has read Euclid’s Elements, 
will fully comprehend i and are in themfelves fo evident, tliat, 
I believe, my readers, who are wholly flrangers to geometri- 
cal writings,' wiU make no difficulty of admitting them. This 
being premifed, let the globe be moved up, till its center be 
at G, then will M the center of gravity of the weight K be 
fuijk to N ; fo that M N fhall be equal to G L. Draw N G 
croffing the line M L in O ; then I fay, that O is the common 
center of gravity of the two weights in this their new htua- 
tion. Let G P be*drawn perpendicular to M L ; then G L will 
bear the lame proportion to G P, as D F bears to D E ; and 
M N being equal to G L, M N will bear the fame proportion 
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to G P, as D F bears to D E. But N 0 bears the fame propoK 
tion to O G, as M N bears to G P ; confequently N O will bea,j:L 
the fame proportion to OG, as DF bears to DE. In the laft 
place, the weight of tlie globe A bears the fame proportion to 
the other weight K, as D F bears to D E ; therefore N 0 bears 
the lame proportion to OG, as the weight of the globe A bears 
to the weight K. Whence it follows, that, when the center 
of the globe A is in G, and the center of gravity of the weight 
K is in N, 0 will be the center of gravity common to bedi 
the weights. After the fame manner, if the globe had been 
caufed to defcend, the common center of gravity would have 
been found in this line ML. Since therefore no fnotionof 
the globe either way will make the common center of gravity 
defcend, it is manifeft, from what has been faid above, th^t 
the weights A and K counterpoize each other. 

f6. I SHALL now confider the* cafe of pendulums. A 
pendulum is made by hanging a weight to a line, fo that it 
may Iwing backwards and forwards. This motion the geo- 
meters have very carefully conlidered, becaufe it is the moft 
commodious inftrument of any for the exad meafurement of 
time. 

fj. I H A V E obferved already that if a body hanging 
perpendicularly by a ftring, as the body A^(in fig. 4 , 81 ) hangs 
by the ftring AB, be put fo into motion, as to be made to a- 
feend up the circular arch A C ; then as foon as it has arrived 
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at the higheft point, to which the motion, that the body has 
.received, will carry it; it will immediately begin to dcfcend, 
and fit A will receive again as great a degree of motion, as it 
had at firft. This motion therefore will carry the body up 
the ar^h A D, as high as it afcended before in the arch A C. 
Conlequently in its return through the arch D A it will acquire 
again at A its original velocity, and advance a lecond time up 
tlic arch A C as* high as at firft ; by this means continuing with- 
out end its reciprocal motion. It is true indeed, that in fad; 
every pepdulum, which we can put in motion, will gradual- 
ly lefien its fwing, and at length ftop, unlefs there be fome 
power CQiiftantly applied to it, whereby its motion ftiall be 
renewed ; but this arifes from the refiftance, which the body 
meets with both from the air, and the firing by which it is 
hung : for as the air will give Ibme obftrudion to the progrefi 
of the body moving through it ; lb allb the firing, whereon 
the body hangs, will be ji farther impediment ; for this ftring 
muft either l]ide on the pin, whereon it hangs, or it muft bend 
to the motion of the weight ; in the firft there muft be Ibme 
degree of fiidion, and in the latter tlie ftring will make fome 
refiftance to its infledion. However, if all refiftance could 
be removed, the motion of a pendulum would be perpetual. 

y8. But to proceed, the firft property, I fhall take no- 
tice of in this4notion, is, that the greater arch tlie pendulous 
body moves throagh, the greater time it takes up : though 
the length of time does not increafe in fo great a proportion 
as the arch. Thus if C D be a, greater arch, and EF a lefler, 
where C A is e(|ual to A D, and E A equal to AF ; the body, 

when- 
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when it fwings through the greater arch C D, fliall take up in 
its fwing from C to D a longer time than in Twinging frorn E . 
to F, when it moves only in that lelTer arch ; or the tiipe in 
which the body let fall from C will defeend through the arch 
C A is greater than tlie time, in which it will defeend through 
the arch E A, when let fall from E. But the lirft of thefe 
times will not hold the fame proportion to the latter, as the 
lirft arch C A bears to die other arch E A ; which will appear 
dius. Let CG and EH be two horizontal lines. It has been 
remarked above \ that the body in filling through^the arch 
C A will acquire as great a velocity at the point A, as it would 
have gained by falling direftly down di rough G A 3 and in 
falling through the arch E A it will acquire in the point A on- 
ly that velocity, which it would have got in falling through 
H A. Tliercforc, when the body defeends through the great- 
er arch C A, it ftiall gain a greater velocity, than when it paf- 
fes only through the Icflcr ; fo that t;his greater velocity will in 
feme degree compenfate the greater length of the arch. 

yy. T H E incrcafe of velocity, which the body acquires 
in falling from a greater height, has fuch an effeift, that, if 
ftraight lines be drawn from A to C and E, the body would 
fall through the longer ftraight line C A juft in the lame time, 
as through the fhortcr ftraight line E A. This is demonftrat- 
ed by the geometers, who prove, that if any circle, as ABCD 
(fig. 49.) be placed in a perpendicular <fttuation; a body 
lhall fall obliquely through every line, as A B drawn from the 
loweft point A in the circle to any other point in the circum- 

I 
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ference juft in the fame timi, as would be imployed by the 
body in falling perpendicularly down tlirough the diameter 
CA. But the time in which the body will defcend through 
thd arch, is different from the time, which it would take up 
in falling through the line AB. 

6o. It has been thought by fbme, tliat becaule in very 
fmall arches.this correfpondent ftraight line differs but little 
from the arch itfelf ; therefore the defcent through this 
ftraight line would be performed in fuch fmall arches nearly 
in the lame time as through die arches themfelves : fo that 
if a pendulum were to fwing in fmall arches, half the time 
of a fingle living would be nearly equal to the time, in which 
a body would fall perpendicularly through twice the length 
of the pendulum. That is, the whole time of the living, ac- 
cording to this opinion, will be four fold the time required 
for the body to fall through half the length of the pendu- 
lum ; becaufe the time of the body’s falling down twice the 
length of the pendulum is half the time required for the fall 
through oqe quarter of this fpace, that is through half the 
pendulum’s length. However there is here a miftake ; for 
the whole time of the fwing, when the pendulum moves 
through fmall arches, bears to the time required for a body 
to fall down through half the length of the pendulum very 
nearly the fame proportion, as the circumference of a circle 
bears'to its diameter ; that is very nearly the proportion of 
gyy to 1 1 3 , or little more than the proportion of 3 to i. 
If the pendulum takes fo great a fwing, as to pafs over an arch 
equal to one ftxth part of the whole circumference of the 

N circle, 
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circle, it will fwing 1 1 r times, while it ought according to 
this proportion to have fwung 1 17 times ; lb that, when it 
fwings in fo large an arch, it lofes fbmething lefs than two 
fwings in an hundred. If it fwing through only of the 
circle, it fliall not lofe above one vibration in ido. If it 
fwing in - of the circle, it fhall lofe about one vibration in 
6^0. If its fwing be confined to of the whole circle, it 
fhall lofe very little more than one fwing in i 5 oo. And 
if it take no greater a fwing than through ^ of the whole cir- 
cle, it fhall not lofe one fwing in y8oo. 

61. N ow it follows from hence, that, when pendulums 
fwing in fmall arches, there is very nearly a conftant propor- 
tion obferved between the time of their fwing, and the time, 
in which a body would fall perpendicularly down through 
half their length. And we have declared above, that the 
fpaces, through which bodies fall, are in a two fold propor- 
tion of the times, which they take up in falling^*. There- 
fore in pendulums of different lengths, fivinging throughfmall 
arches, the lengths of the pendulums are in a ^.vo fold or 
duplicate proportion of the times, they take in Twinging ’y 
fo that a pendulum of four times the length of another fhall 
take up twice the time in each fwing, one of nine times the, 
length will make one fiving only for three fwings of the 
fhorter, and fo on. 

Cr. This proportion in the fwings of different pend\i»> 
lums not only holds in fmall arches ; but in large ones alfc^ 

S 17. 



Ghap.2. PHILO^SOPHY. 91 

provided they be fuch, as the geometers call limilar ; that 
is, if the arches bear the fame proportion to the whole cir- 
cumferences of their refpedive circles. Suppofe ( in fig. 48. ) 

A B, C D to be two pendulums. Let the arch E F be defcrib' 
ed by the motion of the pendulum A B, and the arch G H 
be defcribed by the pendulum C D ; and let the arch EF bear 
the fame proportion to the whole circumference, which 
would be form,ed by turning the pendulum A B quite round 
about the point A, as the arch G H bears to the whole cir- 
cumference, that would be formed by turning the pendu- 
lum C D t[uite round the point C Then I fay, the propor- 
tion, which the length of the pendulum AB bears to the 
length of 'the pendulum CD, will be two fold of the propor- 
tion, which the time taken up in the defcription of the arch 
E^F bears to the time employed in the defcription of the ardi 
GH. 

6 ^. Thus pendulum^, which fwing in very fmall arches, 
are nearly an equal meafure of time. But as they are notfiich 
an equal meafure to geometrical exadnefs ; the mathematicians 
have found out a method of caufing a pendulum fo to fwing, 
that, if its motion were not obftrudled by any refiftance, it 
' would always perform each fwing in the fame time, whether 
it moved through a greater, or a lefler fpace. This was firft 
difeovered by the great Huygens, and is as follows. Up- 
on the ftraight line B ( in fig. 49. ) let the circle C D E be fo 
placed, as to touch the ftraight fine in the point C Then let 
this, circle roll along upon the ftraight line AB, as a coach- 
wheel rolls along upon the ground It is evident, that, as 

N X foon 
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foon as ever the circle begins to move, the point C in the cir- 
cle will be lifted off from the ftraight line A B ; and in the 
motion of the circle will defcribe a crooked courfe, which is 
reprelented by the line C F G H. Here the part C H of the 
ftraight line included between the two extremities C and H 
of the line C F G H will be equal to the whole circumference 
of the circle CDE; andifCH be divided into two equal 
parts at the point I, and the ftraight line I K be drawn per- 
pendicular to C H, this line I K will be equal to the diameter 
of the circle CDE. Now in this line if a body were to be 
let fall from the point H, and were to be carried by its weight 
down the line H G K, as far as the point K, which is the loweft 
point of the line C F G H ; and if from any other point G a 
body were to be let fall in die fame manner ; this body, 
which falls from G, will take juft the lame time in coming to 
K, as the body takes up, which falls from H. Therefore if 
a pendulum can be fo hung, that the ball fhall move in the 
line AG FE, all its fwings, whether long or Ihort, will be per- 
formed in the feme time j for the time, in which the ball 
will delcend to the point K, is always half the time of the 
whole fwing. But the ball of a pendulum wilb be made to 
fwing in this line by the following means. Let K I ( in fig. 
yi.) be prolonged upwards to L, till IL is equal to IK. 
Then let the line LMH equal and fike to KH be applied, as. 
in the figure between the points L and H, fo that the point 
which in this line LMH anfwers to the poiiit H inyhe line 
KH lhall be applied to the point L, and the point anfwering 
to the point K (hall he applied to the point H. Allb let liich 
anodier line LNC be applied between L and C in the lame 

manner. 
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manner. This preparation being made ; if a pendulum be 
hung at the point L of fuch a length, that the ball thereof 
fliMl reach to K ; and if the firing fhall continually bend a- 
gainft the lines HML and LNC, as the pendulum fwings 
to and fro ; by this means the ball fhall couflantly keep in 
the line C K H. 

64 .. Now in this pendulum, as all the fwings, whether 
long or fhort, will be performed in the fame time j fo the time 
of each will exadly bear the fame proportion to the time re- 
quired for a body to fall perpendicularly down, through half 
the length of the pendulum, that is from I to K, as the cir- 
cumference of a circle bears to its diameter. 

It may from hence be underflood in fome meaflire, 

’ why, when pendulums fwing in circular arches, the times of 
their fwings are nearly equal, if the arches are fmall, though 
thofe arches be of very unequal lengths ; for if witli tlie fe- 
midiameteivLKthe circular arch OKP be deferibed, this arch 
in the lower part of it will differ very little from the line 

CKH. ' 

66 . It may not be amifs here to remark, that a body 
v/ill fall in this line CKH (fig. ^3-) from C to any other 
point, as Q.or R in a fhorter fpace of time, than if it moved 
through the flraight line drawn from C to the other point i, 
or through any other line whatever, that can be drawn be- 
tween thefe two points. 
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been obferved above, that the effed of gravity upon any bo- 
dy is the fame, as if the whole force were exerted on the bo- 
dy's center of gravity *. Since therefore the power of gravity 
in drawing down the body muft alfo communicate to it the 
rolling motion juft defcribed ; it feems evident, that the cen- 
ter of gravity of the body cannot be drawn down as fwiftly, 
as when the power of gravity has no other effedl to produce 
on the body, than merely to draw it downward. If there- 
fore the whole matter of the body CB could be crowded into 
its center of gravity, fo that being united into one point, this 
" rolling motion here mentioned might give no hindrance to 
its defcent ; this center would defcend fafter, than it can now 
do. And the point, which now defcends as faft, as if the 
whole matter of the body C B were crouded into it, will be 
farther removed from the point A, than, the center of gravity 
of the body C B. 

Again, fuppofe*the pendulum A B (infig. yy.) to. 
hang obliquely. Here the power of gravity will operate le/s 
upon the ball of the pendulum, than before : hut the line DE 
being drawn fo, as to ftand perpendicular to the rod A C of 
the pendulum ; the force of gravity upon the body CB,. 
' now it is in this fttuation, will produce the fame effed, as 
if the body were to glide down an inclined plane in the po- 
fition of DEi But here the motion of the body, when the- 
rod is fixed to the point A, will not be equal to the uninter- 
rupted defcent of the body down diis plane j for the body. 

J. 27. 
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will here alfo receive the fame kind of rotation in its motion, 
as before ; fo that the motion of the center of gravity will in 
like manner be retarded ; and the point, which here dc- 
fcends with that degree of fwiftnefs, wliich tlie body v^ould 
have, if not hindered by being fixed to the point A ; that is, 
the point, which delcends as fall, as if the whole body were 
crouded into it, will be as far removed from the point A, as 
before. 

70. This point, by which the length of the pendulum is 
to be eftimated, is called the center of ofcillation. , And the* 
mathematicians have laid down general directions, whereby 
to find this center in all bodies. If the globe A B ( in fig. y 6 . ) 
be hung by the firing C D, whofe weight need not be re- 
garded, the center of ofcillation is found thus. Let the 
ftraight line drawn from C to D be continued through the 
globe to F. Tliat it will pafs through the center of the globe 
is evident. Suppofc E to be this center of the globe ; and 
take the line G of fuch a length, that it fhall bear the fame 
proportion to ED, as ED bears to EC. Then EH being 
made equal to j of G, the point H lliall be the center of of- 
cillation \ If the weight of the rod C D is too confiderable 
to be negleCled, divide CD ( fig. SI ) i'^ b that DI be equal* 
to I, part of C D ; and take K in the fame proportion to Q I, as 
the weight of the globe AB to the weight of the rod CD. 
Then having found H, the center of ofcillation'of the globe, as 
before, divide I K in L, fo that I L Ihall' bear the fame pro- 

» Hugen. Horolog. ofcillit. pag. 141, 142. 
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portion to LH, as the line CH bears to K ; and L fliall be 
thp center of olcillation of the whole pendulum. 

• 

71. This computation is made upon fuppo{ition,tlmt the 
center of ofcillation of the rod C D, if that were to fwing alone 
without any other weight annexed, would be the point I. 
And this point would he the true center of ofcillation, lb far 
as the thickndfs of the rod is not to be regarded. If any one 
chufes to take into confideration.the thicknefs of the rod, he 
mull pl^ce the center of ofcillation thereof fo much below 
the point I, that eight times the dillance of the center from 
the point I lhall bear the lame proportion to the thicknels of 
the rod, as the thicknels of the rod bears to its length CD*. 

I T has been oblerved above, that when a pendulum 
livings in an arch of a circle, as here in fig. y8, the pendu- 
lum A B fwings in the circular arch C D ; if you draw an ho- 
rizontal line,, as EF, from the place whence the pendulum is 
let fall, to the line AG, which is perpendicular to the horizon : 
then the velocity, which the pendulum will acquire in com- 
irig to the point G, will be the lame, as any body would ac- 
quire in falling direftly down from F to G. Now this is to be 
untjerllood of the circular arch, which is delcribed by the cen- 
ter of ofcillation of the pendulum. I lhall here farther ob- 
lerve, that if ‘the llraight line EG be drawn from the point, 
whence the pendulum falls, to the lowell point of the arch ; 
in the lame or in equal pendulums the velocity, which the 

* See Hugen. Horolog. Ofcillat. p. 142. 
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pendulum acquires in G,is proportional to this line : that is, if 
the pendulum, after it has defctnded from- E to G, be taken 
back to H> and let fall from thence, and the line H G be 
drawn ; the velocity, which the pendulum fhall acquire in 
G by its delcent from H, lhall bear the lame proportion to 
the velocity, which it acquires in falling from E to G, as the 
ftraight line H G bears to the ftraight line E G. 

73. We may now proceed to thofe experiments upon the 
percuflion of bodies, which I obferved above might be 
made with pendulums. This expedient for examining the 
elfedts of perculTion was firft propofed by our late great 
architedt SirCHRisTOPHERWREN. And it is as follows. 
Two balls, as A and B (in fig. yq.) either equal or une- 
qual, are hung by two firings from two points C and D, fo 
that, when the balls hang down without motions they fhall 
jufi touch each other, and tlie firiifgs be parallel. Here if 
one of thefe balls be removed to any difiance fram its perpen- 
dicular fituation, and then let fall to defcend and firike a- 
gainft the other ; by the lafi preceding paragraph it will be 
known, with what velocity this ball fhall return into its firfi 
perpendicular fituation, and confequently with what force it 
fhall firike againfi the other ball ; and by the height to which 
tliis other ball afcends after the firoke, the velocity commu- 
nicated to this ball will be difeovered. For infiance, let the 
ball A be taken up to E, and fi-om thence be let fall tai‘‘firike 
againfi B, pafllng over in its defeent the circular arch E F. 
By this impulfe let B fly up to G, moving through the circu- 
lar arch HG. Then El andGK being drawn horizontally, 

the 
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the ball A will ftrike againft B with the velocity, which it 
would acquire in falling directly down from I j and the ball 
B*has received a velocity, wherewith, if it had been thrown 
diredly upward, it would have afcended up to K. Likewife 
if ftraight lines be drawn from E to F and from H to G, the 
velocity of A, wherewith it ftrikes, will bear die lame pro- 
portion to the velocity, which B has received by the blow, as 
the ftraight line EF bears to the ftraight line HG. In the 
fame manner by noting the place to which A afeends after die 
ftroke, its remaining velocity may be compared with that, 
wherewith it ftruck againft B. Thus may be experimented 
the effe<^s of the body A ftrikii^ againft B at reft. If both 
the bodies are lifted up, and fo let fall as to meet and impinge 
againft each other juft upon the coming of both into their 
perpendicular fituatim ; by obferving the places into which 
they move ^fter the ftroke, the effefts of their percuftlon in 
all thefe cafes'^iay be found in the fame manner as before. 

74. Sir f s A A c N E w T o N has deferibed thefe experiments ; 
and has ftiewn how to improve diem to a greater exadnefs by 
making allowance for the refiftance, which the air gives to 
the motion of the balls \ But as this refiftance is exceeding 
fn\all, and the manner of allowing for it is delivered by him- 
felf in very plain terms, I need not enlarge upon it here. I 
(hall rather fpeak to a difeovery, which he made by thefe ex- 
periments upon the elafticity of bodies. It has been explained 
above ^ that when two bodies ftrike, if they be not elaftic, 

Chap. I . § 29. 
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they remain contiguous after the ftroke ; but that if they are 
elaftic, they feparate, and that the degree of their elafticity 
determines the proportion between the celerity wherewith 
they feparate, and the celerity wherewith they meet. Now 
our author found, that the degree of elafticity appeared in 
the fame bodies always the lame, with whatever degree of 
force they llruck ; that is, the celerity wherewith they le- 
parated, always bore the lame proportion to' the celerity 
wherewith they met : fo that the elaftic power in all the bo- 
dies, he made trial upon, exerted it felf in one conftant pro- 
portion to the comprelTing force. Our author made trial 
with balls of wool bound up very compad, and found the 
celerity with which they receded, to bear about the propor- 
tion of y to 9 to the celerity wherewith they met ; and in 
fteel he found nearly the lame proportion ; in cork the elafti- 
city was fomething lels j but in glafs much greyer; for the 
celerity, wherewith balls of that material leparared after per- 
cuflion, he found to bear the proportion of ly to i5 to the 
celerity wherewith they met \ 

7y. I SHALL finilh my dilcourle on pendulums, with 
this farther obfervation only, that the center of olcillation is 
allb the center of another force. If a ^tody be fixed to any 
point, and being put in motion turns round it ; the body, if 
uninterrupted by the power of gravity or ^ny other means, 
will continue perpetually to move about with the lame equa- 
ble motion. Now the force, with which fuch a body 


* Pwndp. Philof. pag. 25. 
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moves, is all united in the point, which in relation to the 
pewer of gravity is called the center of ofcillation. Let the 
cylinder A B C D ( in fig. do. ) whofe axis is E F, be fixed to 
the point E. And fuppofing the point E to be that on which 
the cylinder is fufpended, let the center of ofcillation be 
found in the axis E F, as has been explained above *. Let G 
be that center : then I fay, that the force, wherewitli this cy- 
linder turns'round the point E, is fo united in the point G, that 
a fufficient force applied in that point fliall flop the motion of 
the cylinder, in fuch a manner, that the cylinder fiiould im- 
mediately remain without motion, though it were to be loof- 
ened from the point E at the fame inftant, that the impedi- 
ment was applied to G : whereas, if this impediment had been 
applied to any other point of the axis, the cylinder would 
turn upon^e point, where the impediment was applied. If 
the imped im^t* had been applied between E and G, the cy- 
linder would fo turn on the point, where the impediment 
was applied,’ that the end B C would continue to move on 
the fame way it moved before along with the whole cylinder ; 
but if the impediment were applied to the axis farther off from 
E than G, the end A D of the cylinder would ftart out of its 
prefent place that way in which the cylinder moved. From 
this property of the center of ofcillation, it is alfb called the 
center of pcrcuffion. That excellent mathematician, Dr.BROoK 
TayloIi, has farther improved this dodrine concerning the 
center of percuffion, by fhewing, that if through this point 
G^a line, as GHI, be drawn perpendicular to EF, and lying 

in 
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in the courfe of the body’s motion ; a fufficient power appli- 
ed to any point of this line will have the lame efFedl, as the 
like power applied to G * : fo that as we before (hewed jthe 
center of percuflion within the body on its axis ; by this means 
we may find this center on the furface of the body alfd, for 
it will be where this line H I erodes that furface. 

^ 6 . I s H A L L now proceed to the laft kind of anotion, to 
be treated on in this place, and (hew what line the power of 
gravity will caiife a body to delcribe, when it is thrown for- 
wards by any force. This was firft dilcovered by the great 
Galileo, and is the principle, upon which eiigineers 
fliould dirca the (hot of great guns. But as in this cafe bo- 
dies delcribe in their motion one of thole lines, which in geo- 
metry are called conic fedions ; it is neceflary here to pre- 
mife a defcription of thofe lines. In which I^all be the 
more particular, becaufc tlie knowledge of thSm is not only 
neceflary for the prefent purpofe, but will be alfo required 
hereafter in Ibme of the principal parts of this treatile. 

77. The firft lines eonfidered by the ancient geometers 
were the ftraight line and the circle. Of thefe they compof- 
cd various figures, of which they demonftrated many proper- 
ties, and refolved divers problems concerning them. Thefe 
problems they attempted always to refolve.by the deforibing 
ftraight lines and circles. For inftance, let a Iquare A B C D 
( fig. dl.) be propofed, and let it be required to make ano^ 


* See Method. Increment, prop. 25. 
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ther fquare in any affigned proportion to this. Prolong one 
fijde, as DA, of this fquare to E, till AE bear the fame propor- 
tion to AD, as the new fquare is to bear to the fquare AC. 
If the oppolite fide BC of the Iquare AC be alfo prolonged 
to F, till BF be equal to AE, and E F be afterwards drawn, 
I luppofe my readers will eafily conceive, that the figure ABFE 
will bear to the fquare A B C D the fame proportion, as the line 
A E bears to the line A D. Therefore the figure ABFE will 
be equal to the new fquare, which is to be found, but is not 
it felf a fquare, becaufe the fide AE is not of the fame length 
with the fide E F. But to find a fquare equal to the figure 
ABFE you muft proceed thus. Divide the line D E into two 
equal parts in tlie point G, and to the center G with the inter- 
nal G D deferibe the circle D H E I ; then prolong the line A B, 
till it meets the circle in K ; and make the Iquare AKLM, which 
Iquare willo«£^ual to the figure ABFE, and bear totlie Iquare 
ABCD the lame proportion, as the line AE bears to AD. 

78. I SHALL not proceed to the proof of this, having 
only here fet it down as a fpecimen of the method of refolv- 
ing geometrical problems by the defeription of ftraight lines 
and circles. But there are fome problems, which cannot be. 
relblvcd by drawing ftraight lines or circles upon a plane. For 
the managenjent tlierefore of thefe they took into confidera- 
tion folid figures, ’and of the folid figures they found that* 
which is called a cone, to be the moft ufeful. 
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7p. A CONE is thus defined by Euclide in his ele- 
ments of geometry \ If to tlie ftraight line A B (in fig.di,) 
another ftraight line, as AC, be drawn perpendicular, and^he 
two extremities B and C be joined by a third ftraight line 
compofing the triangle ACB ( for lb every figure is called, 
which is included under three ftraight lines : ) then the two 
points A and B being held fixed, as two centers, and the trian- 
gle A C B being turned round upon the line A B, ^ on an axis ; 
the line AC will defcribe a circle, and the figure ACB will 
defcribe a cone, of the form reprefented by the figure- BCDEF 
( fig. 63.) in which the circle CD EE is ulually called the 
bafe of the cone, and B the vertex. 

80. N o w by this figure may leveral problems be rclblved, 
which cannot by the fimple defeription of ftraight lines and ' 
circles upon a plane. Suppole for inftance, it w^’ required 
to make a cube, which Ihould bear any aflign^proportion 
to fome other cube named. I need not here inform my read- 
ers, that a cube is the figure of a dye. This problem was 
much celebrated among the ancients, and was once inforced 
by the command of an oracle. This problem may be per- 
formed by a cone thus. Firft make a cone from a triangle, 
whole fide AC lhall be half the length of the fide Bp 
Then on the plane A B C D (fig. (^4. ) let the line E F be 
exhibited equal in length to the fide of the cube propofed ; 
and let the line FG be dr.awn perpendicular to EF, and of 
filch a length, that it bear the fame proportion to EF, as the. 


» Lib. XL Dcf. 
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cube to be fought is required to bear to the cube propofed. 
Through the points E, F, and G let the circle F H I be defcribed. 
Thc^n let the line EF be prolonged beyond F to K, that FK 
be equal to F E, and let the triangle F KL, having all its hdes 
F K, K L, L F equal to each other, be hung down perpendi- 
cularly from the plane A B C D. After this, let another plane 
M N O P bd extended through the point L, fo as to be equi- 
diftant from the former plane A B C D, and in this plane let 
the line Q.L R be drawn fo, as to be equidiftant from the line 
E F K. All this being thus prepared, let fuch a cone, as was 
above directed to be made, be fo applied to the plane M N O P, 
that it touch this plane upon the line QR, and that the vertex 
of the cone be applied to the point L. This cone, by cutting 
through the firft plane A B C D, will crofs the circle F H I be- 
fore defcribed. And if from the point S, where the furface 
of this coi^Unterfeifts the circle, the line S T be drawn fo, as 
to be equidii^nt'ffom the line E F ; the line F T will be equal 
to the frde.of the cube fought : that is, if there be two cubes 
or dyes fo/med, the frde of one being equal to E F, and the 
fide of the Other equal to FT; the former of thefe cubes fliall 
bear the fame proportion to the latter, as the line EF bears 

to F G. 

• 

81. Indeed this placing a cone to cut through a plane is 
not a pradicable method pf refolving problems. But when 
the geometers had difoovered this ufo of the cone, they ^- 
'pHed themfclves to confider the nature of the lines, which 
will be produced by the interfedion of the furfacc of a cone 
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ahd a plane ; whereby they might be enabled both to reduce 
thele kinds of folutions to pradice, and alfo to render th^ir 
demonllrations concife and elegant. • 

8 1. Wh e n e V e r the plane, which cuts the cone, is- equi- 
diftant from another plane, that touches the cone on the hde; 
( which is the cale of the prelent figure ; ) the line, wherein 
the plane cuts the lurface of the cone, is called a parabola. 
But if the plane, which cuts the cone, be fo inclined to this 
other, that it will pals quite through the cone (as in fig. dy.) 
luch a plane by cutting the cone produces the figure called 
an ellipfis, in which we lhall hereafter Ihew the earth and 
other planets to move round the fiin. If the plane, which 
cuts the cone, recline the other way (as in fig.dd. ) fo as not 
to be parallel to any plane, whereon the cone can lie, nor yet’ 
to cut quite through the cone ; fuch a plane (hall^oduce in 
the cone a third kind of line, which as calk^^^ hyperbola. 
But it is the firft of thefe lines named the parabola, wherein 
bodies, that are thrown obliquely, will be carried by the force 
of gravity ; as I lhall here proceed to Ihew, after>having firft 
direded my readers how to defcribe this fort of line upon a 
plane, by which tlie form of it may be feen. 

8g. To any ftraight lineAB (fig.d7.) let a ftraight ruler 
CD be lb applied, as to ftand againft it perpendicularly. Upon 
dredge of this ruler let another ruler EF be fo placed, as to 
move along upon the edge of the firft ruler C D, and keep aT 
ways perpendicular to it. This being fo difpofed, let any 
point, as G, be taken in the line A B, and let a ftiing equ^ 
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in length to the ruler EF be faftcned by one end to the point 
and by the other to the extremity F of the ruler E F. Then 
if the firing be held down to the ruler EF by a pin H, as is 
reprefented in the figure ; the point of this pin, while the 
ruler £F moves on the ruler CD, fhall defcribe the line IKL, 
which will be one part of the curve line, whofe defcription 
we were h6re to teach : and by applying the rulers in the like 
manner on the other fide of the line AB, we may defcribe 
the other part I M of diis line. If the diftance CG be equal 
to half the line EF in fig. ^4, the line MIL will be that very 
line, wherein the plane A B C D in that figure cuts tlie cone. 

84. The line A I is called the axis of the parabola MIL, 
and the point G is called the focus. 

8 y. N^w b^ comparing the efieds of gravity upon falling 
bodies, witK ^h aJ>is deiponftrated of this figure by the geo- 
meters, it is proved, that every body thrown obliquely is 
carried forward in one of thefe lines, Ae axis whereof is per- 
pendicular to the horizon. 

8d. The geometers demonftrate, that if a line be drawn to 
touch a parabola in any point, as the line A B (infig.( 58 .) touches 
the parabola CD, whole axis is YZ, in the point E; andleveral 
lines F G, H I, JK L be drawn parallel to the axis of the parabola : 
then tlie line F G will be to H I in the dupUcate proportion of 
E F to E H, and F G to K L in the duplicate proportion of E I? 
to 'E K ; likewife H I to K L in the duplicate proportion of E H 
to E K. What is to be underftood by duplicate or two-fold 
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proportion, has been already explained \ Accordingly I 
mean here, that if the line M be taken to bear the lame pro- 
portion to E H, as E H bears to E F, HI will bear the feme 
proportion to F G, as M bears to E F ; and if the line N bears 
the feme proportion to E K, as E K bears to E F, K L wiil bear 
the feme proportion to F G, as N bears to E F ; or if the line 
O bear the fame proportion to EK, as EK bears to EH, KL 
will bear the fame proportion to HI, as 0 bearS to EH. 

87. This property is effential to the parabola, being 
fo conneded with the nature of the figure, that every line 
poffelfing this property is to be called by this name. 

88. Now fuppole a body to be thrown from the point A 
( in fig. 6g.) towards B in the direction of the line A B. This 
body, if left to it felf, would move on with a lujjform mo- 
tion through this line A B. Suppofe die ej^^J^fpedator to 
be placed at the point C juft under the point A ; and let us 
imagine the earth to be fo put into motion along with the 
body, as to carry the fpedator’s eye along the ling CD parallel 
to A B ; and that the eye (hould move on with the feme velo- 
city, wherewith the body would proceed in the line A B, if 
it were to be left to move without any difturbance from its 
gravitation towards the earth. In this cafe if the body miov- 
ed on without being drawn towards the earth,, it would ap- 
pear to the fpedator to be at reft. But'ifi the power ‘of gra- 
vity exerted it felf on the body, it would appear to the f^- 

« 
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(ftator to fall diredtly down. Suppofe at the diftance of time, 
wherein the body by its own progreflive motion would have 
moved from A to E, it fhould appear to the fpeftator to 
have fallen through a length equal to EF : then the body at 
the end of this time will a(frually have arrived at the point F. 
If in the fpace of time, wherein the body would have mov- 
ed by its progreflive motion from A to G, it would have ap- 
peared to the fpedator to have fallen down the fpace G H : 
then the body at the end of this greater interiMl of time 
will be arrived at the point H. Now if the line AFHI be 
that, through which the body adually paffes ; from what 
has here been laid, it will follow, that this line is one of thofe, 
which I have been deferibing under the name of the parabo- 
la. For the diftances E F, G H, tlirough which the body is 
feen to fall, will increale in the duplicate proportion of the 
times * ; lines A E, A G will be proportional to the 

times wherein«w«;y would have been deferibed by the frngle 
progreflive ^motion of the body : therefore the lines E F, G H 
will be in tlie duplicate pioportion of the lines AF, AG; and 
the line AFHI poffeires the property of the parabola. 

89. If the earth be not fuppofed to move along with the 
body, the cafe will be a little different. For the body be- 
ing conftantly drawn diredlly towards the center of the earth, 
the bocjy in its motion will be drawn in a direction a little ob- 
lique to that, wherein it would be drawn by the earth in mo- 
tion, as before fuppofed. But the diftance to the center of the 

. * Sc5 above CJi.2. § 17, 
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earth bears fo vaft a proportion to the greateft length, to which 
we can throw bodies, that this obliquity does not merit apy 
regard. From the fequcl of this difcourfe it may indeed be 
collected, what line the body being thrown thus would be 
found to defcribe, allowance being made for this obliquity of 
the earth’s adtion *. This is the difeovery of Sir I s. N e w t on ; 
but has no ufe in this place. Here it is abundantfy fufficient 
to confider the body as moving in a parabola. 

90. The line, which a projedted body deferibes, being 
thus known, pradtical methods have been. deduced from 
hence for diredting the (hot of great guns to ftrikd any ob- 
jedt delired. This work was firft attempted by Galileo, 
and foon after farther improved by his fcholar Torricellij 
but has lately been rendred more complete bv the great 
Mr. Cotes, whofe immature death is an urtfjjpucable lofs to 
mathematical learning. If it be requiredW^row a body 
from the point A ( in fig. 70. ) fo as to ftrike 'tbp point B ; 
through the points A, B draw the ftraight line C D, and eredl 
the line AE perpendicular to the horizon, and of four times 
the height, from which a body muft fall to acquire the velo- 
city, wherewith the body is intended to be thrown. Through 
the points A and E delcribe a circle, that fiiall touch the tine 
C D in the point A. Then from the point B draw the line 
BE perpendicular to the horizon, interledtipg the circle in the 
points G and H. This being done, if the body be projedted 
diredtly towards either of thefe points G or H, it fiiall fdl 
on the point B j but with this difference, that, if it be thrown 

•in 
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in the diredion AG, it fhall fooner arrive at B, than if it were 
projeded in the diredion AH. When the body is projeded 
in the diredion AG; the time, it will take up in arriving at 
B, will bear the fame proportion to the time, wherein it would 
fall down through one fourth part of AE, as AG bears to 
half AE. But when the body is thrown in the diredion of 
A H, the time of its palling to B will bear the lame proportion 
to the time,’ wherein it would fall through one fourth part 
of AE, as AH bears to half AE. 

91. If the line A I be drawn fo as to divide the angle un- 
rier EAD in the middle, and the line IK be drawn perpen- 
dicular to the horizon ; this line will touch the circle in the 
point I, and if the body be thrown in the diredion A I, it 
will fall upon the point K: and this point K is the fartheft 
point in-the line A D, which the body can be made to ftrike» 
without iifc^a^g its, velocity. 

pt. T’he velocity, wherewitli the body every where 
moves, may be found thus. Suppofe the body to move in 
the parabola AB (fig. 71.) Ered AC perpendicular to the 
horizon, and equal to the height, from which a body mull 
fall to acquire the velocity, wherewith the body lets out from 
A. If you take any points as D and E in the parabola, and 
draw D F and E G parallel to the horizon ; the velocity of the 
body in D will be ^ual to what a body will acquire in falling 
down by its own weight through C F, and in E the velocity 
’ will be the fame, as would be acquired in falling through 
CG. Thus the body moves Howell at the highell point H 
of the parabola; and at equal dillances from this point will 

move 
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move vi^ith equal fwiftnefs, and defeend from that higheft 
point through the line H B altogether like to the line A H in . 
which it afeended ; abating only the rcfiftance of the air, 
which is not here conlidered. If the line H I be drawn from 
the higheft point II parallel to the horizon, A I will be equal 
to i of BG in ftg. 70, when the body is projedted in the direc- 
tion A G, and equal to i of B H, when the body is thrown in 
the diredion AH provided AD be drawn horizontally. 

93. Thus I have recounted the principal dilcoveries, 
which had been made concerning the motion of bodies by 
Sir I s A A c N E w T o n’s predecelTors ; all thefe dilcoveries, by 
being found to agree with experience, contributing to efta- 
blilh the laws of motion, from whence they were deduced. 

I lhall therefore here linilh what I had to fay upon thole 
laws ; and conclude this chapter with a few words-concern- 
ing the diftindion which ought to be made hctwcCh abfolute 
and relative motion. For fomc have thought STto confound 
them together ; becaufe they oblerve the laws of rrtotion to 
take place here on the earth, whieh is in motion, afte’’ the lame 
manner as if it were at reft. But Sir Isaac Newton has 
been careful to diftinguifli between the relative and abfolute 
confideration both of motion and time*. The aftronomers 
anciently found it neceflary to make this diftindion in time. 
Time conlidered in it felf pafles on equably without relation to 
any thing external, being the proper meallife«of the continu- 
ance and duration of all things. But it is moft frequently con- 
ceived of by us under a relative view to fome fuccellion in' 

I Prin. Philof. pag. 7, See, 
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fenfible things, of which we take cognizance. The fuccef- 
fion of the thoughts in our own minds is that, from whence 
we receive our firft idea of time, but is a very uncertain mca- 
flire thereof ; for the thoughts of fbme men flow on much 
more fwiftly, than the thoughts of others; nor does the fame 
perfbn think equally quick at all times. The motions of the 
heavenly bodies are more regular ; and the eminent divilion 
of time into night and day, made by the lun, leads us to 
meafure our time by the motion of that luminary : nor do wc 
in the alfeirs of life concern our felves with any inequality, 
which there may be in that motion ; but the fpace of time 
which comprehends a day and night is rather fuppofed to be 
always the fame. However aftronomers anciently foilnd 
thefe fpaces of time not to be always of the fame length, and 
have taught how to compute their differences. Now the 
timef -wk^n lb equated as to be rendered perfedly equal, is 
the true meafL&e^^jf durirtion, the other not. And therefore 
this latter, .which is abfolutely true time, differs from the 
other, which is only apparent. And as wc ordinarily make 
no diftindliofi between apparent time, as meafured by the 
fun, and the true ; fo we often do not diftinguilh in our ufu- 
al difeourfe between the real, and the apparent or relative 
motion of bodies ; but ufc the fame words for one, as we 
fhould for the other. Though all things about us are really 
in motipn with the e^irth ; as this motion is not viflble, we 
fj^ak of the motion of every thing we fee, as if our felves 
and the earth flood flill. And even in other cafes, where wc 
difeern the motipn of bodies, we often fpeak of them not in 
rclittion to die whole motion we fee, but with regard to other 

bodies 
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bodies, to which they are contiguous. If any body were ly- 
ing (Ml a table ; when that table fhall be carried along, we^ 
lay the body refts upon the table, or perhaps abfolutely,, that 
the body is at reft. However philofophers muft not rejed all 
diftindion between true and apparent motions, any more than 
aftronomers do the diftindion between true and vulgar time ; 
for there is as real a difference between them, a^ will appear 
by the following conftderation. Suppofe all the bodies of 
the univerle to have their courfes flopped, and reduced to 
perfed reft. Then fuppole their prefent motions to be again • 
reftored ; this cannot be done without an adual imprellion 
made upon fome of them at leaft. If any of them be 
left untouched, they will retain their former ftate, that is, 
ftill remain at reft ; but the other bodies, which are 
wrought upon, will have changed their former ftate of reft, 
for the contrary ftate of motion. Let us now luppofc the, 
bodies left at reft to be annihilated, thi^'wiH make no al- , 
tcration in the ftate of the moving bodies ; but the effed 
of the imprellion, which was made upon therri, will ftill 
fubllft. This Ihews the motion they received to be an ab- 
folute thing, and to have no necellary dependence upon 
the relation which the body laid to be in motion has to any ' 
other body *. 

94. Besides ablblute and relative motion diftinguilh- 
able by their Effeds. One effed of motion is, that bodies, 
when moved round any center or axis, acquire a certain 

* See Newton, ptincip. phUof. pag-9. lin. 301 


power,. 



Chap.2; philosophy. 115 

power, by which they forcibly prefs themfelves from that cen- 
)'tel:.or axis of motion. As when a body is Whirled about in a 
flings the body preffes againft the fling, and is ready to fly 
out as loon as liberty is given it. And this power is propor- 
tional to the true, not relative motion of the body round fuch 
a center or axis. Of this Sir I s a a c Newton gives the fol- 
lowing infta’nce *. If a pail or flich Hke veflel near full of wa- 
ter be fufpended by a ftring of flifiicient length, and be turn- 
ed about till the ftring be hard twifted. If then as foon as the 
* veflel and'water in it are become ftill and at reft, the veflel be 
nimbly turned about the contrary way the ftring was tvwfted, 
the veflel ‘by the firings untwifting it felf fhall continue its mo- 
tion a long time. And when the veflfel firft begins to turn, the 
water in it fhall receive little or nothing of the motion of the 
veflel, but by degrees fhall receive a communication of mo- 
laft it fhall move round as fwiftly as the veflel it 
. felf. Now the dwflmtion ’of motion, which DEsCARTEshas 
given us upon this principle of making all motion meerly re- 
lative, is this : that motion, is a removal of any body from its 
vicinity to other bodies, which were in immediate contad 
with it, and are confidered as at reft And if this be com- 
' pared with what he foon after fays, that there is nothing real 
or pofitive in the body moved, for the fake of which we 
afcribe motion to it, which is not to be found as well in die 
contiguous bodies,^ which are confidered as at reft j it will 
follow from thence, that we may confider the veffel as at reft 


Princip. Phllof. pig. ip. 
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and the water as moving in it : and the water (p refjped of 
the veffel has the greateft motion, when the veffel firft begins 
to turn, and lofes this relative motion more and more, bJl at 
length it quite ceafes. But now, when the veffel firft begins 
to turn, the furface of the water remains fiiiooth and fiat, as 
before the veflel began to move ; but as the motion of the 
veflel communicates by degrees motion to the water, the fiir- 
face of the water will be obferved to cliange, the water fub- 
fiding in the middle and rifing at die edges : which elevation 
of the water is caufed by the parts of it prefling from the axis, 
they move about ; and therefore this force of receding from 
the axis of motion depends not upon the relative motion of 
the water within the veffel, but on its abfolutc motion ; for 
it is lead, when that relative motion is greateft, and greateft, 
when that relative motion is leaft, or none at all. 

• “V > 

T H u s the tRie caufe of what app£<^Jh the furface 
of this water cannot be affigned, without confidering the 
water’s motion within the veflel. So alfo in the fyftem of the 
world, in order to find out the caufe of the planetary mo- 
tions, we muft know more of the real motions, which be- 
long to each planet, than is abfolutely neceffary for the ufes 
of aftronomy. If the aftronomer fliould fuppofe the earth to 
ftand ftill, he could alcribe fuch motion^ to the ccleftial bo- 
dies, as fliould anfwerall the appearances; though he would 
not account for them in fo Ample a manner, as by attributing 
motion to the earth. But the motion of the earth muft of 
neceffity be confidered, before the real caufes, which adudte 
the planetary fyftemj can be difeovered. 


Chap. 
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Chap. III. 

Of CENTRIPETAL FORCES. 

W E have juft been defcribing in the preceding chapter 
the ^fFecfts produced on a body in motion, from its 
being continuiflly a<fted upon by a power always equal in 
ftrengdi, and operating in parallel diredions *. But bodies 
may be adted upon by powers, which in different places fhall 
have different degrees of force, and whole feveral diredlions 
lhall beVarioully inclined to each other. The moft ffm- 
ple of thefe in refpedt to diredtion is, when the power is 
pointed conftantly to one center. This is truly the calc of 
that power, whofe cffedls we deferibed in tlie foregoing chap- 
t'ci'^j^'tKough th? raifer of that power is fo far removed, tliat 
the fubjedl th(?ff^fore us is moft conveniently to be conlider- 
edin tlic ll^t, wherein we have placed it: But Sir Isaac 
N E w 1' o N has confidercd very particularly this other cafe of 
powers, which arc conftantly diredlcd to the lame center. It 
is upon this foundation, that all his difeoveries in the fyftem 
of the w'orld are raifed. And therefore, as this fubjedl bears 
foVery great a lhare in the philofophy, of which I am dif- 
courffng, I ffiink it proper in this place to take a Ihort view 
of forne of the general effedls of thefe powers, before we 
come to apply them particularly to the fyftem of the world. 
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a. These powers or forces are by Sir Isaac Newton 
called centripetal ; and their firft effed is to caufe the body^ on 
which they ail, to quit the ftraight courfe, wherein it would 
proceed if uridifturbed, and to defcribe an incurvated line, 
which fhall always be bent towards the center of the force. 
It is not neceffary, that fuch a powi^r fliould caufe the body 
to approach that center. The body may continue to recede 
from the center of the power, notwithftanding its being drawn 
by the power; but this property muft always belong to it: 
motion, that the line, in which it moves, will continually be 
concave towards the center, to which tlie power is directed 
Suppofe A ( in fig. 71. ) to be the center of a force. Let a 
body in B be moving in the direction of the ftraight line BC, 
in which line it would continue to move, if undifturbed ; but 
being attraefted by the centripetal force towards A, *iWbc!d,y;, 
muft neceflarily depart from this line LC,S 5 ;id. being drawn 
into the curve line B D, muft pafs between the lijies A B and 
BC. It is evident therefore, that the body in B being gra- 
dually turned off from the ftraight line B C, it will at firft be 
convex toward the line BC, and confequently concave to- 
wards the point A : for thefe centripetal powers arc fiippofed 
to be in ftrength proportional to the power of gravity, and, 
like that, not to be able after the manner of an impulfe to turn 
the body fenfibly out of its courfe into a different one in an in- 
ftant, but to take up feme Ipace of time in producing a vifi- 
ble effeft. That the curve will always continue to have it:s 
concavity towards A may thus appear. In the line B C near 
to B take any point as E, from which the line E F G may be fp 

drawn 
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drawn, as to touch the curve line B D in fome point as F. Now 
^h^n the body is come to F, if the centripetal power were im- 
mediately to be fufpended, the body would no longer conti- 
nue to move in a curve line, but being left to it felf would 
forthwith reaflume a ftraight courfe; and that ftraight courfc 
would be in the line F G : for that line is in the direction of 
the body’s motion at the-point F. But the centripetal force 
continuing its energy, the body will be gradually drawn from 
this line F G fo as to keep in the line F D, and make that line 
■ near the point F to be convex toward F G, and concave toward 
A. After the lame manner the body may be followed on in 
its courft through the line B D, and every part of that line be 
Ihewn to be concave toward the point A. 

3 . This then is the conftant chara(fta’ belonging to thole 
tn/?iitii*:/-VKick-are-Carried on by centripetal forces; that the 
line, wherein tt</t 5 od)^Thoves, is throughout concave towards 
the center of, the force. In refpedl to the fucceflive diftances 
of the body from the center there is no general rule to be laid, 
down ; fof’the diftance of the body from the center may ei- 
ther increafe, or decreafe, ot even keep always the fame. The* 
point A ( in fig. 73.) being the center of a centripetal force, . 
let.a body at B let out in the direction of the ftraight line B C 
perpendicular to the line AB drawn from A to B. It will be • 
eafily conceived, tlwt there is no other point in the line B C lb > 
near to A, as the point B; that AB is the fliorteft of all the 
lines, which can be drawn from A to any part of the line B C ; 
all other lines, as AB5 or AE, drawn from A to the line BC : 
Eejng longer than A B,. Hence.it follows) that the.body let- 
ting; 
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ting out from B, if it moved in the line B C, it would recede 
more and more from the point A. Now as the operatioi\ 
a centripetal force is to draw a body towards the centejr of 
the force : if fuch a force ad upon a retting body, it mutt 
neceflarily put that body fo into motion, as to caufe it to 
move towards the center of the force : if the body were of 
it felf moving towards that centerj- the cent^petal force 
would accelerate that motion, and caufe it to move fatter 
down : but if the body were in fuch a motion, as being left 
to itfelf it would recede from this center, it is not necef- • 
fary, that the aftion of a centripetal power upon it fhould 
immediately compel the body to approach the center, from 
which it would otherwife have receded ; the centripetal 
power is not without effed, if it caufe the body to recede 
more flowly from that center, than otherwife it would have 
done. Thus in the cafe before us, ths. ttuallen. £*»»6Mpeial 
power, if it ad on the body, will force it't5s4t^f the I'ne BC, 
and caufe it to pafs in a bent line between B C ^nd the point 
A, as has been before explained. When the body, for in- 
ttance, has advanced to the line A D, the effed of the cen- 
tripetal force difeovers it felf by having removed the body out 
of the line B C, and brought it to crofs the line A D Ibmc- 
where between A and D: fuppofe at F. Now AD bqing 
longer than A B, A F may alfo be longer than A B. The cen- 
tripetal power may indeed be fo ttrong, that AF lhall be 
fhorter than AB ; or it may be fo evenly 'balanced with the 
progrefilve motion of the body, that A F and A B ttiall be jutt 
equal : and in this latt cafe, when the centripetal force is of 
that flxength, as conttantly to draw the body as much toward 

' the 
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the center, as the progrefllve motion would carry it off, the 
will delcribe a circle about the center A, this center of 
tA^fcrce being alfo the center of die circle. 

4. I F die body, inftcad of letting out in the line B C per- 
pendicular to A B, had fet out in another line B G more in- 
clined towaVds the lit w ^ ^ ^, moving in die curve line BH ; 
then as the body, if it were to continue its motion in the line 
B G, would for fome time approach the center A ; the ccntri- 
• petal force would caule it to make greater advances toward 
that center. But if the body were to fet out in the line BI re- 
clined the other way from the perpendicular B C, and were to 
be drawn by the centripetal force into the curve line B K ; the 
body, notwithftanding any centripetal force, would for fome 
time recede from the center; Itnce Ibnie part at lead: of the 
cur'c the line B I and the perpendicular BC. 

y. T H u far we have explained llich effedls, as attend 
every centripetal force. But as thefe forces may be very diffe- 
rent in regard to the different degrees of llrengdi, where- 
with they a6: upon bodies in different places; I lhall now pro- 
ceed to make mention in general of fome of the differences 
attending thele centripetal motions. 

(J. T o reafliime the confideration of the la ft mentioned 
cafe. Suppofe a Centripetal power direfted toward the point 
A ( in lig. 74. ) to ad on a body in B, which is moving in 
the dirediion of the ftraight line BC, the line BC reclining 
off from AB. If from A the ftraight lines AD, AE, AF are 

R drawn 
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drawn at pleafure to die line C B ; the line C B being prolong- 
ed beyond B to G) it appears that A D is inclined to the Urf^ 
G C more obliquely, than A B is inclined to it, A E is incjiid*- 
ed more obliquely than AD, and AF more than AE. To 
Ipeak more correctly, the angle under A D G is lels than that 
under A B G, the angle under AEG Icfs than that under 
A D G, and the angle under A F G than that Under AEG. 

Now fuppofe the body to move in the curve line BHIK. 
Then it is here likewile evident, that the line BHIK be 
ing concave towards A, and convex towards the .line BC, • 
it is more and more turned off from the line B C ; fo 

that in the point H the line A H will be lefs obliquely inclin- 
ed to the curve line BHIK, than the fame line A H D is inclin- 
ed to B C at the point D ; at the point I the inclination of the 
line A I to the curve line will be more different from the in- 
clination of the lame line AIE to die lin«J5n»..^aruiOvp©mt E; 
and in the points K and F the differensc of inclination >,vill be 
ftill greater ; and in bodi die inclination at the 9 un^e will be 
lels oblique, than at the ftraight line B C. But the ftraight 
line A B is lefs obliquely inclined to B G, than A D is inclined 
towards D G : therefore although the line A H be lels oblique- 
ly inclined towards the curve H B, than the lame line A H D is 
inclined towards D G j yet it is poffible, that the inclination 
at H may be more oblique, than the inclination at B. The in- 
clination at H may indeed be left oblique than the other, or 
they may be both the lame. This depends upon die degree 
of ftrength, wherewith the centripetal force exerts it felf, 
during the paffage of the body from B to H. After the lame 
manner the inclinations at I and K depend entirely on the de- 
gree 
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gree of ftrcngth, wherewitli the centripetal force a(fls on the 
.^dy in its paflage from H to K: if the centripetal force be 
"■ vijsak enough, the lines A H and AT drawn from the center A 
to the body at H and at I (ball be more obliquely inclined to 
the cufve, than the line A B is inclined towards B G. The cen- 
tripetal force may be of that ftrcngth as to render all tliefe in- 
clinations equal^orMfwnger, the inclinations at I and K 
will be lefs oblique than at B. Sir I s a a c N e w t o n has par- 
ticularly ftiewn, that if the centripetal power decreafes after 
.. a certain manner with the incrcafe of diftance, a body may 
defcribe fuch a curve line, that all the lines drawn from the 
center to the body fhall be equally inclined to that curve line \ 
But I do not here enter into any particulars, my prefent inten- 
tion being only to ftiew, that it is poftible for a body to be 
aded upon by a force continually drawing it down towards a 
centei, ^iid*y6Mbat''Lfie body fhall continue to recede from 
^ that ceiftet: ; for hefe'^lbng as the lines AH, A I, &c drawn 
from the center A to the body do not become lefs oblique to 
the curve, in which the body moves ; fo long fliall thofe lines 
perpetually ificreale, and conlequcntly the body ftiall more 
and more recede from the center. 

» 

7. But we may oblerve farther, that if the centnpctal 
power, while the body increales its diftance from the center, 
retain ftifficierft ftrength to make tlie lines drawn from the 
center to the bod^ to become at length lefs oblique to the 
curve ; then if this diminution of the obliquity continue, till 
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at laft the line drawn from the center to the body fhall ceafe 
to be obliquely inclined to the curve, and fhall become peiu. 
pendicular thereto j from this inftant the body fhall no longBi- " 
recede from the center, but in its following motion it fhall 
again defeend, and lhall deferibe a curve line in all tefpedls 
like to that, which it has deferibed already ; provided the 
centripetal power, every where awlje % 5 ic*difl:ance from the 
center, ads with the fame ftrength. So we obferved in the 
preceding chapter, that, when the motion of a projedile be- 
came parallel to the horizon, the projedile no longer afeend- . 
cd, but forthwith direded its courfe downwards, defeending 
in a line altogether like that, wherein it had before afeended \ 

8. This return of the body may be proved by the fol- 
lowing propofltion : that if the body in any place, fuppofe a:t 
I, were to be ftopt, and be thrown direc^y bagkwoid with the 
Telocity, wherewith it was moving vvard in that point I j 
then the body, by the adion of the centripetal force upon it, ’ 
would move back again over the path I H B, in which it had 
before advanced forward, and would arrive again at the point 
B in the fame fpace of time, as was taken up in its paflage 
Irom B to I ; the velocity of the body at its return to the point 
B being the fame, as that wherewith it firft fet out from that 
point. To give a full demonftration of this propolitionj 
would require that ufe of mathematics, which I here pur- 
pofe to avoid ; but, I believe, it will appear in great mealure 
evident from the following confiderations.. 

* i9** 

. 5. Sup- 
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9. Suppose (in fig. 7 j". ) that a body were carried after 
.ihe following manner througli the bent figure ABCDEF, 
])oixjpofcd of the ftraight lines AB, BC, CD, DE, EE. Firft 
let it be moving in the line AB, from A towards B, with any 
uniform velocity. At B let tlie body receive an impnlfe di- 
reded toward fome point, as G, taken within the concavity 
of the figure. this body, when once moving 

in the Pcraight line A B, will continue to move on in this line, 
fo long as it lhall be left to it felf; but being difturbcd at the 
jx)int B jn its motion by the impulfe, which there afts upon 
it, it will be turned out of this line A B into fome other ftraight 
line, wljerein it will afterwards continue to move, as long as it 
lhall be left to itfclf. Therefore let this impulfe have ftrength 
fufficient to turn the body into the line B C. Then let the 
' body move on undifturbed from B to C, but at C let it receive 
another impu.lfe pointed toward the fame point G, and of fuf- 
ficient ftrength to tt»p,the body into the Hue CD. At D let 
a tliird iuipulfe, direfted like the reft to the point G, turn the 
body into tfie line DE. And at E let another impulfe, dircd- 
cd likewife to the point G, turn the body into the line EF. 
'Now, I fay, if the body while moving in the line EF 
be ftopt, and turned back again in this line with the fame 
velocity, as that wherewith it was moving forward in this line ; 
then by the repetition of the former impulfo at E tlic body will 
be turned into the line E D, and move in it from F. to D with 
the lame velocity as before it moved with from D to E j by 
the repetition of the impulfe at D, when the body fhall 
have returned to that point, it will be turned into the line 
D C J an d by the repetition of the other impulfes at C and B. 
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the body will be brought back again into the line B A, with 
the velocity, wherewith it firft moved in that line. 

I o. T H I s I prove as follows. Let D E and F E be coifti- 
nued beyond E. In D E thus continued take at pleafure the 
length E H, and let H I be fb drawn, as to be cquidiftant from 
the line G E. Then, by what has been wj;ittcn upon the fe- 
cond law of motion \ it follows, that after tl^e impulfc on 
the body in E it will move through El in the fame time, as 
it would have imployed in moving from E to H, with the ve- 
locity which it had in the line D E. In F E prolonged take 
EK equal to El, and draw K 1. equidiflant from G E. Then, 
becaufc the body is thrown back in the line F E with the fame 
velocity as that wherewith it went forward in diat line ; i^ 
when the body was returned to E, it were permitted to go ' 
ftraight on, it would pals through EK inj :he fa me -time, as it 
took up in palling through El, when vvTnt forwar jjn the 
line EF. But, if at the body’s return to the point E, liich an 
impulle diredted toward the point D were to be given it, where- 
by it Ihoiild be turned into the line D E ; I lay, that the 
impulfe neceliary to produce tliis effedt muft be equal to 
that, which turned the body out of the line DE into EF; 
and that the velocity, with which the body will return into 
the line E D, is die fame, as that wherewith it before moved 
through this line from D to E. Becaufe E K is equal to E I, and 
KL and HI, being each equidiflant from GE, are by conle- 
quence equidiflant from each other ; it follows, tliat the two 

• Ch.II. $ 
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triangular figures I E H and K E L are altogether like and equal 
^.to. each other. If I Were writing to mathematicians, I might 
...Afefthem tofome propofitions in the elements of Euclid 
for the proof of this * : but as I do not here addrefs my felf to 
fuch, fo I think this afiertion will be evident enough without 
a proof in form ; at leaft I mull defire my readers to receive 
it as a propofi^iTTttR^iflrgeometry. But thefe two triangu- 
lar figures being altogether like each other and equal; as EK 
is equal to E I, fo E L is equal to E H, and K L eqpal to H I. 
Now the body after its return to E being turned out ot the line 
F E into E D by an impulfe acting upon it in E, after the man- 
ner abow exprefled ; the body will receive fuch a velocity by 
this impulfe, as will carry it through E L in the fame time, as it 
would have imployed in palling through E K, if it had gone 
on in that line undifturbed. And it has already been obferv- 
ed, that the rime, id which the body would pafsover EK. 
with the velocity wK&vewith it returns, is equal to the time 
it took up ln,going forward from E to I ; that is, equal to the 
time, in which it would have gone through E H with the ve- 
locity, wherewith it moved from D to E. Therefore the time,, 
in which the body will pafs through EL after its return into 
thehneED, is the fame, as would have been taken up by 
th? body in pafling through EH with the velocity, where- 
with the body firft moved in the line D E. Since therefore 
EL and EH *e equal, the body returns into the line D E with 
the velocity, which it had before in that line. Again I fay,, 
the lecond impulfe in E is equal to the firft. By what has. 

. * Via.L.1. prop. 
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been faid on the fecond law of motion concerning theeffedof 
oblique impulfes^ it will be underftood, that the impulfeinEL 
whereby the body was turned out of the Une D E into the ljt4, 
EF, is of fuch ftrcngth, that if the body had been at reft, 
when this impulfe had afted upon it, this impulfe would have 
communicated fo much motion to tlie body, as would have 
carried it through a length equal tc irKhe time wherein 
the body would have pafled from E to H, or in die time 
wherein it pafled from E to I. In the fame manner, on the re- 
turn of the body, the impulfe in E, whereby the body is turn- 
ed out of the line F E into E D, is of fuch ftrength, that if it 
had afted on the body at reft, it would have caufed the body 
to move through a length equal to KL, in the fame time, as 
the body would imploy in paflang through E K with the' velo- 
city, wherewith it returns in die line F E. Therefore the fe^ 
cond impulfe, had it aded on the body at reft, would have 
caufed it to move through a length to KL in the fame 
Ipace of time, as would be taken up by the body' in palling 
through a length equal to H I, were the firft impulfe to adt on 
the body when at reft. That is, the effedls of the firft and 
fecond impulfe on the body when at reft would be the fame ; 
for KL and HI are equal : confequently the fecond impulfe 
is equal to the firft. 

II. Thus if the body be returned dirough FE widi the 
velocity, wherewith it moved forward ; we have Ihewn how 
by the repetition of the impulfe, which aded on it at E, the 

» Ch. U. Szi, 22. 
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body will return again into the line DE with the velocity, 
which it had before in that line. By the fame procefs of rea- 
•^Wifig it may be proved, that, when the body is returned 
back to D, the impulfe, which before afted on the body at 
that point, will throw the body into the line D C with the ve- 
locity, which it firft had in that line ; and the other impulfes 
being fucceflively repeated', the body will at length be brought 
back again into the line B A with the velocity, wherewith it 
fet out in that line. 

II. Thus thefeimpu lies, byafting over again in an invert- 
ed order all their operation on the body, bring it back again 
through the path, in which it had proceeded forward. And 
this obtains equally, whatever be the number of the ftraight 
lines, whereof this curve figure is compofed. Now by a me- 
thod of reafoning, ^ which Sir Isaac Newton makes great 
ufe of, and which h8 introduced into geometry, thereby 
greatly inriching that Icience * ; wc might make a tranfltion 
from this figure compofed of a number of ftraight lines to a 
figure of one continued curvature, and from a number of fc- 
parate impulfes repeated at diftindl intervals to a continual 
centripetal force, and fhew, that, becaufe what has been 
here advanced holds univerfally true, whatever be the num- 
ber of ftraight lines, whereof the curve figure A C F is com- 
pofed, and howfqever frequently the impulfes at the angles of 
this figure ’are repeated; therefore the fame will ftill remain 
true, although this figure fhould be converted into one of a 
continued curvature, and thefe diftind impulfes fhould be 

• viz. His doflrine of prime and ulcimate ratios. 
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changed into a continual centripetal force. But as the explain- 
ing this method of reafoning is foreign to my prefent defign; 
fo I hope my readers, after what has been laid, will find 
difficulty in receiving the propofition laid down above : that, if 
the body, which has moved through the curve line B H I (in fig. 
74.) from B to I, when it is come to I, be thrown diredly back 
with the fame velocity as tliat, wherFv^furTcfrbc^edcd forward, 
the centripetal force, by afting over again all its opera^n on 
the body, ffiall bring the body back again in the line IHB: 
and as the motion of the body in its courfe from B to r was eve- 
ry where in fuch a manner oblique to the line drawn from the 
center to the body, that the centripetal power adedrin fome 
degree againft tlie body's motion, and gradually diminifhed it j 
fo in the return of the body, the centripetal power will every 
where draw the body forward, and accelerate its motion by 
the lame degrees, as before it retarded ijt^ , 

13. This being agreed, fuppofe the body in K to have the 
line A K no longer obliquely inclined to its motion. In this cafe, 
if die body be turned back, in the manner we have been con- 
fidering, it muft be direded back perpendicularly to AK. 
But if it had proceeded forward, it would likewife have mov- 
ed in a diredion perpendicular to A K ; confequently, whe- 
ther it move from this point K backward or forward, it muft 
deferibe the fame kind of courfe; Therefpre fince by being 
turned back it will go over again the line K I H B ; if it be per- 
mitted to go forward, the line K L, which it lhall dderibe, 
will be altogether fimilar to the line K H B. 


4 
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14. I N like manner we may determine the nature of the 
motion, if the line, wherein the body fets out, be inclined (as 
^ fig. 7^.) down toward the line BA drawn between the 
body and the center. If the centripetal power fo much in- 
creafeS in ftrength, as the body approaches, that it can bend 
the path, in which the body moves, to that degree, as to caufe 
all the lines a^^Hyi AJjmAK to remain no lels oblique to the 
motion of the body, than AB is oblique to BC; the body 
fliall continually more and more approach the center. But 
if the centripetal power increales in lb much lels a degree, as 
to permit the line drawn from the center to the body, as it ac- 
compai^ies the body in its motion, at length to become more 
and more ere£t to the curve wherein the body moves, and in 
the end, fuppofe at K, to become perpendicular thereto ; from 
’that time the body lliall rile again. This is evident from what 
has been faid abov'e ; becaulc for the very fame realbn here allb 
the body fhall proefedTrom the point K to delcribe a line alto- 
getlier limilp to the line, in which it has moved from B to K. 
Thus,as it was obferved of the pendulum in the preceding chap- 
ter that a !4 the time it approaches towards being perpendicu- 
lar to the horizon, it more and more defeends ; but, as foon as it 
is come into that perpendicular fituation, it immediately rifes 
again by the lame degrees, as it delcended by belore: lo here 
tlie body more and more approaches the eenter all the time it 
is moving fr6m B Jo K *, but thence forward it riles from the 
f center again by the fame degrees, as it approaehed by before. 

§ s* 
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I I F (in fig.77.) the line B C be perpendicular to A B ; then 
it has been obferved above *, that the centripetal pov/er may 
be fo balanced with the progreflive motion of the body, .tlm^ 
the body may keep moving round the center A conftantly at 
the fame diftance ; as a body does, when whirled about any 
point, to which it istyed by a firing. If the centripetal power 
be too weak to produce this effe dij ■■ ho ■' aM i^n of the body 
will prefently become oblique to the line drawn from itfelf to 
the center, after the manner of the firft of the two cafes, 
which we have been confidering. If the centripetal power 
be ftronger, than what is required to carry the body in a cir- 
cle, the motion of the body will prefently fall in with the fc- 
cond of the cafes, we liave been confidering. 

16 . If the centripetal power fo change with the change of 
diftance, that the body, after its motion has become oblique 
to the hne drawn from itfelf to the ce»t^ ftiall again become 
perpendicular thereto ; which we have fhewn to be poffible 
in both the cafes treated of above ; then the body lhall in its 
fubfequent motion return again to the diftance of A B, and 
from that diftance take a courfe fimilar to the former : and 
thus, if the body move in a fpace free from all refiftance, 
which has been here all along foppofed ; it (hall continuejin 
a perpetual motion about the center, defeending and afeend- 
ing alternately tlierefrom. If the body fet^fog out from B ( in 
fig.78.) in die line B C perpendicular to A B, deferibe the line , 
B D E, which in D fliall be oblique to the hne A D, but in E 
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fliall again become ereft to AE drawn from the body in E to the 
^ center A j then from this point E the body ihall defcribe the 
^ne« E F G altogether like to the line B D E, and at G fhall be 
at the lame diifance from Aj as it was at B* £iit likewile the 
line AG fhall be ered to the body’s motion. Therefore the 
body fhall proceed to defcribe from G the line G H I altoge- 
ther fimilaf toytUrtllie W^, and at I have the fame diftancc 
from the center, as it had at E ; and alfo have the line A I ered 
to its motion : fb that its following motion muft be in the line 
I K L fimilar to I H G, and the diftance A L equal to A G. Thus 
the body will go on in a perpetual round without ceafing, al- 
ternately inlarging and contrading its diftance from the center. 

, 17. I F it fo happen, that the point E fall upon tlie line B A 

continued beyond A ; then the point G will fall on B, I on E, 
and L allb on B ; fb that the body will defcribe in this cafe a 
fimple curve line round the center A, like the line B DBF in 
fig. 79, in* which it will continually revolve from B to E 
and from E to B without end. 

18. If AE in fig. 78 fhould happen to be perpendicular 
to A B, in this cafe alfo a fimple line will be deferibed ; for the 
point G will fall on the line B A prolonged beyond A, the 
point I on the line AE prolonged beyond A, and the point L 
on B.: fo that thejjody will defcribe a line like the curve line 
'BEG I in* fig. 80, in which the oppofite points B and G 
are equally diftant from A, and the oppofite points E and I 
are alfo'eqtirily diftant from the fame point A. 


19. In 
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19. In other cafes the line deferibed will have a more 
Complex figure. 

^o. Thus we have endeavoured to fliew how a body, 
while it is conftantly attraded towards a center, may n6twitli- 
ftanding by its progreflive motion keep it felf from falling 
down to tliat center; but defcrib»abowl«*H»n^endlefs circuit, 
fometimes approaching toward that center, and at other 
times as much receding from the fame. 

1 , 1 . But here we have luppofed, that the centripetal power 
is of equal ftrength every where at the fame diftance from the 
center. And this is the cafe of that centripetal power, which 
will hereafter be fhewn to be the caufe, that keeps the planets 
in their courfes. But a body may be kept on in a perpetual 
circuit round a center, although the centripetal power have 
not diis property. Indeed a body mayi5y a centripetal force 
be kept moving in any curve line whatever, that fliall have its 
concavity turned every where towards the center of the force. 

r 

XT. T o make this evident I fliall fir ft propofe the cafe of a 
body moving through the incurvated figure ABCDE (in fig. 8 1 .) 
which is compofed of the ftraight lines A B, B C, C D, D E, and 
. E A ; the motion being carried on in the following manner. 
Let tlie body firft move in the line A B with any'^uniform velo- 
city. When it is arrived at the point B, let it receive an im<; 
pulfc diredted toward any point F taken within the figure ; 
and let the iinpulfe be of that ftrength as to turn the body out 
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of tlie line A B into the line B C.- The body after this im- 
piilfe, while left to itfelf, will continue moving in the line B C. 
At G let the body receive another impulfe direded towards 
the fime point F, of fuch fben^th, as to turn the body from 
the line B C into the line CD. At D let the body by another 
impulfe, diiedled likewile to the point F,be turned out of the 
line C D into DE. And atC let another impulfe, direded to- 
ward the point F, turn the body from the line D E into E A. 
Thus we fee how a body may be carried through the figure 
ABCDE by certain impulfes directed always toward the fame 
center, only by their adling on the body at proper intervals, 
and witli due degrees of ftrength. 


13. B UT farther, when the body is come to the point A, if 
it there reeeive another impulfe direded like the reft toward the 
point F, and of fuch a degree of ftrength as to turn the body 
into the li^'=‘ A^, wherein it firft moved ; I fay that the body 
ftiall return^^to this line with the fmie veloeity , as it had at firft. 


14. Let xlB be prolonged beyond B at pleafurc, fuppofe to 
G ; and from G let G H be drawn, which if produced fhould 
always continue equidiftant from B F, or, according to the 
B^re ulual phrafe, let G H be drawn parallel to B F. Then 
it appears, from what has been faid upon the lecond law of 
motion ’, that in the^time, wherein die body would have moved 
ftom B to G, had it not received a new impulfe in B, by the 
means of that impulfe it will have acquired a velocity, which 
will carry it from B to H. After the fame manner, if C I be 
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taken equal to B H, and I K be drawn equidiftant from oil* pa- 
rallel to C F ; the body will have moved from C to K with the 
velocity, which it has in the line C D, in the fame time, ^as it 
would have employed in moving from C to I with the velocity, 
it had in the line B C Therefore flncc C I and B I I are* equal, 
the body will move through C K in the fame time, as it would 
have taken up in moving from B t» G with the original velo- 
city, wherewith it moved through the line AB. Again, DL 
being taken equal to C K and L M drawn parallel to D F ; for 
the fame rcafon as before the body will move through .DM with 
the velocity, which it has in the line D E, in the fame time, 
as it would imploy in moving through B G with its original ve- 
locity. In the laft place, if E N be taken equal to D M, and 
N O be drawn parallel to E F j Itkcwifc if A P be taken equal 
to E O, and P(i.bc drawn parallel to A F : then the body with 
the velocity, wherewith it returns into the line A B, will pals 
through A(i,in the fmie time, as it would ’"'.ployed in 
pafllng through BG with its original velocity. VlsNow as all 
this follows dircdly from ^vhat has above been ddivered, con- 
cerning the efled of oblique impulfes impreffed lipon bodies 
in motion; fo v.c mu ft here obferve farther, that it can be 
proved by geometry, that A (i. will always be equal to BG. 
The proof of this I am obliged, from the nature of my pre- 
fent dcfign, to omit ; but this geometrical propofition being 
granted, it follows, that the body has ret’afftecl into the line 
A B witli tlie velocity, which it had, when it firft moved in 
that line; for the velocity, with which it returns into the lire ' 
AB, will carry it over the line AQ.in the fame ti m^^j as would 

3 h^Wi 
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have been taken up in its pafling over an equal line B G with 
the original vclocit)'. 

ly. T II uswc have found, how a body may be carried round 
the figure A B C D E by the a6ti6n of certain inipulfes upon it, 
which fliould all be pointed toward one center. And we like- 
wife fee, that when tlie body As brought back again to the 
point, whence it firft fet out there meet widi an im- 

pulfe fufficient to turn it again into the line, wherein it mov- 
ed at firft, its original velocity will be h'^wjuteftored ; and by 
the repetition of the fame impulfes, the body will be carried 
again in the fame round. I'herefore if diefe impulfes, which 
ad on the body at the points B, C, D, E, and A, continue al- 
ways the fame, the body will make round this figure innu- 
merable revolutions. 

4 

16. T|ie proof, which we have here made ufe of, holds the 
fame in ah; fSmber of ftraight lines, whereof the figure A B D 
fhould be rohripofed ; and therefore by the mediod of realbning 
referred to above * we are to conclude, that what has here 
been faid upon this rectilinear figure, will remain true, if this 
figure were changed into one of a continued curvature, and 
jlsiisadjaf^iftinCl impulfes aCting by intervals at the angles of 
this figure, we had a continual centripetal force. We have 
therefore fhewn, that a body may be carried round in any 
curve figure ABC (%• 8x.) which ftiall every where be 
Z' concave tdwards any one point as D, by the continual aCtion 
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of a centripetal power directed to that point, and when it is 
returned to the point, from whence it fet out, it {hall recover 
again the velocity, with which it departed from that point. 
It is not indeed always necefhuy, that it fliould return again 
into its firft courfe ; for the turve line may have fonie fuch 
figure as the line A B C D B E 'jn fig. 8 3 . In this curve Une, 
if the body fet out from B in;the*diredion BF, ‘and moved 
through the line BCD, hiMc returned to B ; here the body 
would not enter apa'iiiinto the line BCD, becaufe the two 
parts B D and BC of the curve line make an angle at the point 
B: fo that the centripetal power, which at the point B could 
turn the body from Ae line BF into the curve, will not be 
able to turn the body into the line B C from the direftion, in 
which it returns to the point B ; a forceable impulfe muft be. 
given the body in the point B to produce that effed. 


a 7 . I F at the point B, whence the body Jhe curve 

fine return into it felf ( as in fig. 8 i ; ) then tl^ody, up- 
on its arrival again at B, may return into its former courfe^ 
and thus make an endleis circuit about the centervf tne cen— 
fripetal power. 


a8. W H A T has here been faid, I hope, will in fonie m^-' 
fore enable my readers to form, a juft idea of the nature of 
thefe centripetal motions. 


1 . 9 . I HAVE notattemptcdtofliew, howtofindparticular^ 
ly , what kind of centripetal force is neceflary to ^rry a bo^ih 
any curve Une propoled. This is to be dedup€^g(jW 5 rthe 3 i 3 ^ 

gree 
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gree of curvature, which the figure has in each point of it, 
and requires a long and complex mathematical reafoning. 
However I (hall (peak a litde to the firft propofition, which 
Sir Isaac Newton lays down for this purpole. By this 
propofition, when a body is found moving in a curve line, it 
may be known, whether the body be kept in its courle by a 
power always pointed toward tl^ fame center ; and if it be fo, 
where that center is placed. Tnc*" prC^fition is this : that if 
a line be drawn from fome fixed point^C: thg body, and re- 
maining by one extream united to that point, it be carried 
round along with the body; then, if the power, whereby 
the body is kept in its courfe, be always pointed to this fixed 
point as a center, this line will move over equal (paces in equal 
portions of time. Suppo(e a body were moving through the 
curve line A B C D (in fi^.84.) and pafled over the arches A B, 
B C, C D in equal portions of time; then if a point, as E, can 
be found, ^ whence the line E A being drawn to the body 
in A, and acr’cinpanying the body in its motion, it (hall make 
the fpaces/E A B, E B C, and E C D equal, over which it paf- 
(es, while the body defcribes the arches AB, BC, and CD ; 
and if this hold the (ame in all other arches, both great and 
‘ fmallj, of the curve line A B C D, that thele fpaces are always 
^qjial, where the times are equal ; then is the body kept in 
-’this line by a power always pointed to E as a center. 

/ go. Th] 8 principle, upon which SirlsAAcNewToN has 
^raonftrated this, requires but fmall skill in geometry to com- 
|)rehgirdr»>3*fliJ'.l! , therefore take the Uberty to clo(e the pre- 

T X lent 
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fent chapter with an explication of it ; becaufe fuch an exam- 
ple will give the cleared notion of our author’s method of ap- 
plying mathematical rcafoning to thefe philofophical fubjedts. 

31. He reafbns tlius. Sup]|)ofe a body fct out from tlic point 
A ( in fig. 8 y . ) to move in the ftraight line A B j and after it 
had moved for fome time in mat line, it were to receive an 
impulfe diredled to fom^*,tiiT2t as C. Let it receive that im- 
pulfe at D ; and thej;p!jy be turned into the line D E ; and let 
the body after this impulfe take the fgme length of time in , 
palling from. D to E, as it imployed in the palling from A to 
D. Then the ftraight lines CA, CD, and CE being drawn, 
Sir Isaac Newton proves, that the and triangular fpaces 
CAD and CDE are equal. This he does in the following 
manner. 

31. L E T E F be drawn parallel to C D. Then, frt^ what has . 
been faid upon the fecond law of motion *, it %lvMent, that 
fence the body was moving in the line AB, when ‘.it received 
the impulfe in the diredion DC; it will have gio'ved after 
that impulfe through the line D E in the lame time, as it would 
liave taken up in moving through D F, provided it had re- 
ceived no difturbance in D. But the time of the 
ing from D to E is fuppofed to be equal to the time of its mov- 
ing through A D ; therefore the tim«, whiclj/he body would 
have imployed in moving through D F, l»d it not bden dL 
fturbed in D, is equal to the time, wherein it moved through^ 
A D ; confequently D F is equal in length to A^ ; for if the 
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body had gone on to move throtlgh the line AB without in- 
terruption, it would have moved through all parts thereof 
with the fame velocity, and have paffed over equal parts of 
that line in equal portions of time. Now C F being drawn, 
lince A D and D F are equal, the triangular Ipace C D F is equal 
to the triangular Ipace C A D. Farther, the lineEF being 
parallel to ' C D, it is provedfby Euclid, that the triangle 
C E D is equal to the triangle t therefore the triangle 

e E D is equal to the triangle C A D. ^ ^ 

, •» 

3 ^ . A F T E R the fame manner, if the body receive at E ano-^ 
ther impulfe direfted toward the point C, and be turned by 
that impulfe into the line EG i if it move afterwards from E to 
G in the fame fpace of time, as was taken up by its motion from 
D.toE, or from A to D; then C G being drawn, the triangle 
C E G is equal to C D E. A third impulfe at G directed as the 
two fonr er to C, whereby the body lhall be turned into the 
line GH, will have alfo the like effeft with the reft. If the 
body nyjve over G H in the fame time, as it took up in mov- 
ing over EG, the triangle CG H will be equal to the triangle 
GEG. ' Laftly, if the body at H be turned by a frefh impulfe 
direded toward C into the line HI, and at 1 by another im- 
^“^fle dift'fted alfo to C be turned into the line I K ; and if the 
body move over each of the lines HI, and I Kin the lame 
time^ as it Implpyed in moving over each of the preceding 
^lines AD, DE, tG, and GH : then each of the triangles 
CHI, and Cl K will be equal to each of the preceding. Like- 

^ Elcm, Book I, p. $7. 
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wife as the time, in which the body moves over ADE, is 
equal to the time of its moving over EGH, and to the time 
of its moving over HIK ; the fpace CADE will be equal to 
the fpace CEGH, and to the fpace CHIK. In the fame 
manner as the dme, in which the body moved over AD EG 
is equal to the time of its moving over GHIK, fo the fpace 
C A D E G will be equal to the fp^ce,C GHIK. 

3 4. F R o M this pnn^le SItIsaacNewton demonftrates 
Ae proportion meirtmed above, by that method of arguing 
introduced by him into geometry, whereof we have before 
taken notice *, by making according to the principles of that 
me^od a tranfition from this incurvated figure compofed of 
ftraight lines, to a figure of continued curvature ; and by 
fliewing, that fince equal fpaces are deferibed in equal times ' 
in this prefent figure compofed of ftraight lines, the fame re- 
lation between the fpaces deferibed and the times of their de- 
feription will alfo have place in a figure of one^ continued 
curvature. He allb deduces from this propofition tbt'^verfe 
of it ; and proves, that whenever equal fpaces are continu- 
ally deferibed j the body is aaed upon by a centripetal force 
direaed to the center, at which the (paces terminate. 


• § tl. 


Chap.* 



Chap.4. philosophy. 


'43 


C H A p. IT. 

Of the RESISTANCE of FLUIDS. 

B efore the caufe be difcovered, which keeps the 

planets in motion, it is nec^’^y firft to know, whe- 
ther the {pace, wherein they move, is v.mpty and void, or fil- 
led with any quantity of matter. It has been a prevailing 
opinion, that all {pace contains in it matter of fome kind or 
other ; fo that where no fenfible matter is found, there was 
yet a {ubtle fluid {ubilance by which the fpace was filled up; 
even fo as to make an abfolute plenitude. In order to exa- 
mine this opinion, Sir Isaac Newton has largely confi- 
dered the effects of fluids upon bodies moving in them. 

1. These effe<fls he has reduced under thefe three heads. 
In the firi^- P^^ce he {hews how to determine in what manner 
the refiftanof, which bodies {uffer, when moving in a fluid, 
gradually increales in proportion to the fpace, they deferibe 
in any fluid ; to the velocity, with which they deferibe it ; 

CO ui«.-^i4tie ihey have been in motion. Under the fe- 
edhd head he confiders what degree of refiftance different 
* sdies moving ia Ae lame fluid undergo, according to the 
differeht proportion between the denfity of the fluid and the 
flenfity of the body. The denfities of bodies, whether fluid 
orfolidj ^mieafiired by the quantity of matter, which is 
«c>^^Rl!hded under the fame magnitude ; that body being 

the 
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the moft clenfe or compad, which under tlie fame bulk con- 
tains the greatcft quantity of folid matter, or which weighs 
moft, the weight of every body being obfcr\’ed above to be 
proportional to the quantity of matter in it Thus water is 
more denfe than cork or wood, iron more denfe than'water, 
and gold than iron. The third particular Sir I s. N eav t o n 
confiders concerning the refiftange of fluids is the influence, 
which the diverfity of figure in the refifted body has upon its 
ifefiftancc. 

4 

3 . For the more perfeft illuftration of tlie firft of thefe 
heads, he diftinftly (hews the relation between all fhe parti- 
culars fpecified upon three different fuppofitions. The firft 
is, that the fame body be refifted more or lefs in the fimple 
proportion to its velocity ; fo that if its velocitj' be doubled, 
its refiftanee ftiall become threefold. *" The fecond is of the 
refiftance increafing in the duplicate proportion of the velo- 
city j fo that, if die velocity of a body be doubled, its refi- 
ftance fliall be rendered four times ; and if the velocity be 
trebled, nine times as great as at firft. But what is to be un- 
derftood by duplicate proportion has been already explain- 
ed The third fuppofition is, that the refiftance increafes • 
partly in fheiingle proportion of the velocity, -‘wid'pdrLlyTi^ 
the duplicate proportion thereof. 

4 .. I N all thefe fuppofitions, bodies are confidered und^ 
two refpeds, either as moving, and oppofing themfelves 


» Ch. 1. $ 14. 


> Ch-i 


agamft'' 



Chap. 4. PHILOSOPHY. 145 

^ againft the fluid by that power alone, which is eflential to 
them, of reflfling to the change of their ftate from refl; to 
motion, or from motion to reft, which we have above cal- 
led their power of ina<ftivity ; or elfe, as defcending or af- 
cending, and fo having the power of gravity combined widi 
that other power. Thus our author has fliewn in all tho£' 
three fuppofltions, in what manner bodies are reftfted in an 
uniform fluid, when they move wifh>^e aforefaid progrefllvc 
motion ’ ; and what the reftftance is, when they alccnd or 
defcend perpendicularly ^ And if a body afcend or defcend 
obliquely, and the reftftance be ftngly proportional to the ve- 
locity, it .is fliewn how the body is reftfted in a fluid of an uni- 
form denfity, and what line it will defcribe % which is de- 
termined by the meaftirement of the hyperbola, and ap- 
pears to be no other than that line, ftrft conftdercd in par- 
ticular by Dr. Barrow*’, which is now commonly known 
by the name of the logaritlimical curve. In the fuppo- 
fttion that the reftftance increafes in the duplicate propor- 
tion of the velocity, our author has not given us the line 
which would be dclcribed in an uniform fluid ; but has in- 
ftead thereof difeufled a problem, which is in fome fort the 
reverfe_; to find the denfity of the fluid at all altitudes, by 
anyl^cn curve Une may be deferibed ; which pro- 
blem is fo treated ^ him, as to be applicable to any kind of 
reftftafice whatever But here not unmindful of pradicc, 
he fliews that a body in a fluid of uniform denfity, like the 

^'’Newt. Prillc:!.. II. prop. 2 ; 5, 6,7; 1 1, 12. | * PrilcA. Geometr. pag. 12 $, 

' 4 - I * Newton. Princ. Lib.II. prop. 10, 

V ‘ air, 



1/^6 Sir Is aac Newton’s BookL 

air, will defcrfbe a line, which approaches towards an hy- 
perbola ; that is, its motion will be nearer to that curve line 
than to the parabola. And confequcnt upon this remark, he 
fhews how to determine this hyperbola by experiment, and 
briefly relblves the chief of thole problems relating to proje- 
£liles, which are in ufe in the art of gunnery, in this curve*; 
as Torricelli and others have done in the* parabola 
whofe inventions have^en explained at large above 

y. Our author has alfo handled. diftinftly th^t particu-. 
lar forfcof motion, which is defcribed by pendulums ; and 
has likewife confldered fome few cafes of bodies ijioving in 
reflfting fluids round a center, to which they are impelled by 
a centripetal force, in order to give an idea of thofe kinds of 
motions 

T H E treating of the reflftance of pendulums has giv- 
en him an opportunity of inferting into another part of 
his work fome /peculations upon the motions of them with- 
out reflftance, which have a very peculiar elegance ; where 
in he treats of them as moved by a gravitation a£ting in 
the law, which he Ihews to belong to the earth below its 
flirface ^ ; performing in diis kind of gravitatiowy'Whete the 
force is proportional to the diftance from the center, all tlial> 
Huygens had before done in the comjjjoir fuppofltion of 
its being uniform, and acting in parallel Knes 


• Newton. Princ. Lib. IT. prop la. k fcbol. 
^ Torricelli dc motugravium. 
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7. Huygens at the end of his treatifc of the caiifc of 
gravity" informs us, that he likewife had carried his fpecu- 
lations on the firft of thefe fuppofitions, ot the rcliftrn.c in 
fluids being proportional to tlic velocity of the body, as fir as 
our author. But finding by experiment that the fccond vi-as 
more conformable to nature, he afterwards made fome pro- 
grefs in that^illhe was ftopt,' by not being able to execute to his 
wifli what related to the perpendicula^defcent of bodies ; not 
obferving diat the mcafurement of the curve line, he made 
ufe of to explain it by,* depended on the hyperbola. Which 
overfight may well be pardoned in that great man, confi- 
dering that our audior had not been pleafed at that time to 
communicate to the publick his admirable difeourfe of the 

rjUADRATURE Or MEASUREMENT OF CURVE LINES, with whlch hc 

has fince obliged the world: for widiout the ufe of that 
treatife, it is I think no injury even to our author’s unparal- 
leled abilities to beUeve, it would not have been cafy for 
himfelf to have fucceeded fo happily in this and many othci 

paits of his^ writings. 

8. What Huygens found by experiment, that bodies 
were in reality refilled in the duplicate proportion of their ve- 
locity, agre^ with the realbning of our author , who i ui 

guilhes the tefillance, which fluids give to bodies by the tena- 
city of their l^;und the ftiaion between them and the b<> 
iy, from that, which arifes from the power of io^aiviV. with 
which the conftituent particles pf fluids are endued like all 

^ ^ following. I ‘ N*wtoo. rrioc. L. II. prop 4. fchol. 
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other portions of matter, by which power the particles of fluids 
like other bodies make refiftance againjft being put into motion. 

9. The refiftance, which arifes from the fridion'of the 
body againft the parts of the fluid, muft be very inconfidera- 
ble; and the refiftance, whieh follows from the tenaeity of 
the parts of fluids, is not ulually ,very great, ai\^ does not 
depend much upon the •velocity of the body in the fluid ; 
for as the parts of the fluid adhere together with a certain 
degree of force, the refiftance, which the body receives from 
thence, cannot much depend upon the velocity, with which 
the body moves ; but like tlie power of gravity, its effedl muft 
be proportional to the time of its ading. This the reader 
may find farther explained by Sir Isaac Newton himfclf 
in the poftfeript to a difeourfe publilhed by me in the philo- 
sophical TRANSACTIONS, N® 371. The principal refiftance, 
which moft fluids give to bodies, arifes from the power of 
inadivity in the parts of the fluids, and this depends upon the 
velocity, with which the body moves, on a double account. 
In the firft place, the quantity of the fluid moved out of 
place by the moving body in any determinate fpace of time 
is proportional to the velocity, wherewith the body moves ; 
and in the next place, the velocity widi which eaeh particle of 
the fluid is moved, will alfo be proportional to the velocity of 
the body : therefore fince the refiftance, which ajiy body makes 
againft being put into motion, is proportional both to the quan- 
tity of matter moved and the velocity it is moved with ; the 
refiftance, which a fluid gives on this account, will be dou^k in- 
creafed with the increafe of the velocity in the moving bw)/ ; 

that 



Chap.4. philosophy. 14P 

that is, the refiftance will be in a two-fold or duplicate propoi - 
tion of the velocity, wherewith the body moves through the 
fkiids 

I o. F A R T H E R it is moft manifeft, that this latter kind 
of refiftance increafing with the increale of velocity, even 
in a greater degree than fhe velocity it felf increafes, the 
fwifter the body moves, the lefs proportion the other fpecies 
of rehftance will bear to this : nay tliat this part of the refift- 
ance may be fo much j^ugmented by a due iucreafe of velo- 
city, till the former refiftances fliall bear a lefs proportion to 
this, thaji any that might be alTigncd. And indeed expe- 
rience fhews, that no other reliilancc, than what arifes from 
die power of inactivity in the parts of the fluid, is of mo- 
ment, when the body moves with any conflderablc fwiftnefl. 

II. There isbefldes thefe yet another fpecies of refin- 
ance, found only in fuch fluids, as, like our air, are elaftic. 
Elafticity belongs to no fluid known to us befidc die air. By 
this property any quantity of air may be contracted into a 
lefs fpace by a forcible preflure, and as foon as die com- 
prefllng power is removed, it will fpring out again to its 
former diftn.nfions. The air we breath is held to its prefent 
denfity by the weight of the air above us. And as this in- 
cumbent weight, -by the motion of the winds, or other cauf- 
es', is frequently varied^ ( which appears by the barometer ; ) 
fo when this weight is greateft, we breath a more denfe air 
• th^^t other dmes. To what degree the air would expand 
‘il lm by its fpring, if all preflTure were removed, is not 

known. 
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known, nor yet into how narrow a compafs it is capable 
of being compreffed. Mr. Boyle found it by experiment 
capable both of expanfion and compreflion to fuch a degree, 
that he could caufe a quantity of air to expand it fclf 'over a 
fpace fome hundred thouland times greater, than the fpace to 
which he could confine the lame quantity But I lhall 
treat more fully of this fpring in .the air hereafttfr I am 
how only to confider what refiftancc to tlie motion of bodies 
arifes from it. 

II. But before our author Ihews in what manner this 
caufe of refiftance operates, he propoles a method, by which 
fluids may be rendered elaftic, dcmonftrating that if dieir 
particles be provided with a power of repelling eaeh other, 
which lhall exert it felf with degrees of ftrength rccipro-' 
cally proportional to the diflances between the centers of 
the particles ; that tlicn llich fluids will obferve the fame 
rule in being comprefled, as our air does, which is this, that 
the fpace, into which it yields upon comprelfion, is recipro- 
cally proportional to the comprelling weight „ The term 
reciprocally proportional has been explained above \ And if 
the centrifugal force of the particles adted by other laws, fuch 
fluids would yield in a different manner to comppeflion '. 

Ig. Whether the particles of the air bcendued with 
fuch a power, by which they can ad upon each othcT out 
of contad, our author does not determine ; but feaves tliat 

• Soc his Tradlonthc admirable rarifadionof I Princ.philof. Lib. IF. prop. aa. 
the air. | 4 3^0^ f, ch. a. 5 30 

^ Book 11. Ch. .1 t Princ. philof. lab. II, prop. 23, in (cholN. ' 

3 to 



Chap.4; philosophy. 151 

to future examination, and to be difcufled by philofophers. 
Only ’ he takes occafion from hence to confrder the refift- 
ance in elaftic fluids, under this notion ; making remarks, as 
he pafles along, upon the differences, which will arife, if their 
elafticity be derived from any other fountain And this, I 
think, muff be confefled to be done by him with great judg- 
ment ; for this is far the moft reafonable account, which has 
been given of this furprizing power,’ as muff without doubt be 
freely acknowledged by any one, who in, the leaf! confrders 
the infufficiency of all the otlier conjcdtures, which have 
been framed ; and alfo how little reafon tlicrc is to deny to 
bodies other powers, by which they may ad upon each other 
at a diftance, as well as that of gravity ; which we fliall here- 
after fhew to be a property univerfally belonging to all the 
bodies of the univerfe, and to all their parts ^ Nay we adu- 
ally find in the loadftone a very apparent repelling, as well as 
an attradive power. But of tliis more in the conclufion of 
this difeourfe. 

14,. By**thele fteps our author leads the way to explain 
the refinance, which the air and fuch like fluids will give 
to bodies by their elafticity ; which refiftance he c.vplains 
thus. It die elaftic power of the fluid were to be va- 
ried fo, as to be always in the duplicate proportion of the 
velocity of fhe refilled body, it is fhewn that then the 
refiftance jderived from the elafticity, would incrcafe in the 
duplicate proportion of the velocity j in fo much that the 

• Princ. philof. Lib.II. prop. 33. coroll. 1 ^ Lib.II. Ch.f, 

whole 
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Avliole rtTiAancc would be in that proportion, excepting on- 
ly that hnall part, wliich ariles from the friftion between the 
hcnly and the parts of the Iluid. From whence it follows, 
that beeaufe the elaflic power of the lame Iluid docs in 
truth continue the (amc, il the velocity of the mo\ ing body be 
diminilhed, the rclillanec from the elartieity, and therefore 
tite whole refiftance, will dccreafe in a lefs proportion, than thic 
duplicate of the velocity; and il the reloehy be inercafed, tlie 
refiftance from the elaftieity will inereafe in a hi; proportion, 
than the duplicate ol the velocity, that is in a lefs pronortion, 
than the reiillaiue made by the power ol inactivity cl th.e 
parts ol the iluid. And from this foundation is nalecl/;hc proof 
of a property of this refiftance, given by the elaftieity in com- 
mon with the oth.ers from th.e tenacity and ficHonof the 
jiarts of tile Iluid ; that the velocity m.n.' be inercaled, till this 
refiftance from the iluid’s chillieity (hall hear no conlidcrable 
p.roportion to that, which is jin'duced by the power cd' inadli- 
,'itv thercol I'rom whence our author draws this eonehi- 
fion; tb.at ilie relnlance ol a bods-, which moves very fwlft- 
ly in an elallie Iluid, IS nc.'.r th.e lame, as If the' fluid were 
not ehdlie ; pro\ ideal liie eialln ity aiaies lioni the Centrifugal 
power ol the parts ol d-e medium, ;;s biclore explained, elpeei- 
allv il the vcloeif) be io gre.it, tiiat tlus centTifTigal powxT 
dull want time to e\e t it iell Hut it io to be obdeired, 
that in th.e prool c'l all ti'.is our author proetcafs upon the fup- 
polition of this ccntrilugal power in the parts ol the Iluid ; but 
.t flu- elaftieitv be eauled by the expanhon o! the parts in t.he 

‘1 . Ih )p eo"o'!.i. j ^ Ilici coro'l 5 
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manner of wool compreflbd, and fucli like bodies, by wliich 
the parts of the fluid will be in fome meafure entangled 
together, and their motion be obftrudeil, the fluid will 
be in a- manner tenacious, and give a refiftance upon that ac- 
count ‘over and above what depends upon its elaflicity on- 
ly ’ ; and the reflflance derived from that ciiife is to be 
judged of in tlic manner belorc fet down. 

I y. I r Is now time to pafs to die fecond part of this theo- 
ry ; wliich is to afllgn^thc meafure of refiftance, according 
to the proportion between the denfity ol the body aivd the 
clenlity of the flukl. WJiat is Iiere to be underftooti liy the 
word denfity lias been explained abo\'C For this puipofi- 
as our author betorc confidcrcd two diftinbf cales ol bodies 
moving in mediums; one when they oppoleil tliemfilves to 
the fluid by their power of inabtivily only, and another 
when by afeending or tlefccnding their weiglit was com- 
bined with that other power: fo likewife, the fluids them- 
felvcs arc to be regardeil tinder a double capacity; either 
as having their parts at reft, and diljtofed freely without re- 
ftraint , or as being comprcfl'eel together by their own 
v/eight, or any other caufe. 

J 

16 . In the firft calc, if the parts of die fluid be wholly 
cllfingaged frc.m one another, fo that each particle is at liber- 
ty to’ move all ways without any impediment, it is fltewn, 
diat if a globe move in fiich a fluid, and the globe and par- 

- Vid. ibid. coroll. I 
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tides of the fluid are endued with perfedt elaflicity ; Co that 
as the globe impinges upon the particles of it, they fliall 
bound off and feparate themfelves from the globe, with the 
feme velodty, with which the globe ftrikes upon them.; then 
the refinance, which the globe moving with any kno^vn ve- 
locity fuffers, is to be thus determined. From the velocity 
of the globe, the time, wherein it would move over two 
third parts of its own diameter with that velocity, will be 
known. And fuch proportion as the denfity of the fluid bears 
to the denfity of* the globe, the feme the refiftance given to 
the globe will bear to the force, which ading, like the power 
of gravity, on the globe without intermiflion during the Ipace 
of time now mentioned, would generate in the globe the 
feme degre of motion, as that wherewith it moves in the 
fluid *. But if neither the globe nor the particles of the 
fluid be elaftic , fo that the particles, when the globe 
ftrikes againft them, do not rebound from it, then the 
refiftance will be but half fo much \ Again, if the par- 
ticles of the fluid and the globe are imperfedtly elaftic, lb 
that the particles will Ipring from the globe with part only 
of that velocity wherewith the globe impinges upon them ; 
then the refiftance will be a mean between the two preced- 
ing cafes, approaching nearer to the firft or fecond, accor- 
ding as the elafticity is more or left 

17. The elafticity, which is h«re afcribed to the parti* 
cles of the fluid, is not that power of repelling one another, 

* Prmc.philof^Lib.II. Prop. 3 j*. I < Id. 

^ Ibid. ’ I 
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when out of conta<a:; by which, as has before been men- 
tioned, the whole fluid may be rendred elaftic ; but fuch 
an dafticity only, as many folid bodies have of recovering 
their figure, whenever any forcible change is made in it, by 
the impulfe of another body or otherwife. Which elallicity 
has been explained above at large *. 

18. Th I s is the cafe of difeontifiued fluids, where the bo- 
dy, by prelTing againft their particles, drives them before 
itfelf, while the fpace behind the body is left empty. But 
in fluids which are comprelTed, fo that the parts of them re- 
moved ©ut of place by the body refitted immediately retire 
behind the body, and fill that fpace, which in the other cafe 
is left vacant, the refittance is ttill left ; for a globe in luch a 
fluid which fhall be free from all elatticity, will be refitted 
but half as much as the leatt refittance in the former cafe 
But by elatticity I now mean that power, which renders the 
whole fluid fo ; of which if the comprefled fluid be poflefledf, 
in the manner of the air, then the refittance will ^ greater 
than by the Foregoing rule ; for the fluid being capable in fome 
degree of condenfation, it will refemble fo far the cafe of un- 
comprefied fluids But, as has been before relat«d, this dif- 
ference is moil confiderable in flow motions. 

19. In the' next place our author is particular in deter- 
mining the degr^s of refittance accompanying bodies of 
different figures ; which is the latt of the three heads, we 

* h. I. § 29. I corofl, I. of prop.^f. 

^ Princ.phiIof.Lib.II.Prop.)|, compared with [ « L.ll. Lem, 7. fchol. pag<34i^ 
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divided the whole difeourfe of rehftance into. And in this 
difquifition he finds a very fiirprizing and unthought of , dif- 
ference, between free and comprelfed fluids. He proves, 
that in the former kind, a globe fufiers but half tht refin- 
ance, which the cylinder, that circumferibes the glebt, will 
do, if it move in the diredion of its axis *. But in the lat- 
ter he proves, that the globe and cylinder arc refifted a- 
hke And in general^ that let the lhape of bodies be 
ever fo different, yet if the greateft fedions of the bodies 
perpendicular to the axis of their nftodoit be equal, the , 
bodies will be refifted equally ^ 

10. Pursuant to the difference found between the rcr- 
fiftance of the globe and cylinder in rare and uncompreffed 
fluids, our autlior gives us the relult of fome other inquiries 
cf the fame nature. Thus of all the fruftiims of a cone, 
that can be deferibed upon die fame bale and widi the fame 
altitude, he fhews how to find that, which of all others 
will be the leaft refifted, when moving, in the direftion of 
its axis \ And from hence he draws an ealy nvethod of al- 
tering the figure of any Ipheroidical folid, lo that its capa- 
city may be enlarged, and yet the refiftance of it diminilh- 
ed ' : a note which be. thinks may not be iifelefs to Ihip- 
wrights. He concludes with determining the folid, which 
will be refilled the leaft that is poffible, in thefe difeontinued 
fluids^^. 


» l.ib. IT. Prop, 34" 

^ Lib. II. Lem. 7. p.34ij 
5 Scbol. to Lem. 7. 


^ Prop. 34. fchol. 
* Ibid, 
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ZTi. JP^AT I may here be underftood by readers iinac^- 
quj^inted with mathematical terms, I fliall explain what I 
mean by a fruftum of a cone, and a fpheroidical folid. A 
cone Kas been defined above. A fruftum is what remains^ 
when *part of the cone next the vertex is cut away by a fcc- 
tion parallel to the bale of the cope, as in fig.8(). A li^hcroid 
is produced from an- ellipfis,.'as a fphere or globe is made 
from a circle. If a circle turn round on its diameter, it dc- 
feribes by its motion a fphere; fo if an ellipfis (which figure 
has been defined above, and will be more* fully explained 
hereafter*) be turned round either upon die longcft c? 
Ihorteftjine, that can be drawn through the middle of it, , 
there will be deferibed a kind of oblong or flat' fphere; as 
in fig. 87. Both thefe figures are called fphcroids, and any 
folid refembling thelc- 1 here call Ipheroidical. 


Ff it fhould be asked, how the method of altering 
fjiheroidical .bodies, here mentioned, can contribute to the 
facilitating a Ihip’s motion, when I juft above affirmed, 
that the figure of bodies, which move in a comprefled' 
fluid not elaftic, has no relation to the augmentation or di- 
minution of the refiftance; the reply is, that what was 
there fpokeii relates to bodies deep immerged into fuch flu- 
ids, but not of thofe, which fwim upon the furfacc of them; 
for jn this latter cafe the fluid, by the appulfc of the an- 
terior parts of tlie body, is railed above the level of the 
fiirface, and behind the body is funk fomewhat below; lo» 

» Book II. Cb, I. $ «, 

that 
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that by this inequality in the fuperUcies of the that 

part of it, which at the head of the body is higher tfiian 
the fluid behind, will refill in Ibme meafure after the 
manner of difcontinued fluids *, analogous to what was be- 
fore obferved to happen in the air through its elafticity, 
though the body be fiirrounded on every fide by it ^ And 
as far as the power of theft Cir »ift» extends, the figure of the 
moving body affeds its refillance ; for it is evident, that the 
figure, which prefles leaft diredly againft the parts of the fluid, 
and fo raifts leaft the furface of a fluid not elaftic, ^nd leaft 
comprefles one that is claftic, will be leaft refilled. 

f 

ag . The way of colle£ling the difference of the refillance 
in rare fluids, which arifts from the diverfity of figure, is 
by confidering the diflcrent effect of the particles of the fluid 
upon the body moving againft them, atcording to the diffe- 
rent obliquity of the feveral parts of the body upon which 
they refpe<ftively llrike ; as it is known, that any body im- 
pinging againft a plane obliquely, ftrikes with a left force, 
than if it fell upon it perpendicularly; and the -greater the 
obliquity is, the weaker is the force. And it is the lame 
thing, if the body be at reft, and the plane move againft: it ^ 

14. That tliere is no connexion between the figure 
of a body and its refillance in compreffed fluids, is proved 
thus. Suppoft A B C D (in fig. 8 8.) to be a canal, having fuch ?i 
fluid, water for inftance, running through it with an equable 

• Vid. Newt, princ. in fchol. to Lem, 7> of [ Scd. 17. of this chapter. 

JLib.Il. pag. 341. I c See Princ. philof. Lib.ll. prcfF.34* 
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veIo|L;ity;.;...at^d let any body E, by being placed in the axis 
of tjie danal, hinder the paffage of the water. It is evi- 
dent, ^ that the figure of the fore part of this body will 
have litrie influence in obftruding die water’s motion, but 
the wh«)le impediment will arile from the Ipacc taken up 
• b^ the body, by which it dimipifhes the bore of the ca- 
nal, and ftraightens the p^age'bf the water*. But pro- 
> portional to the obftrudion of the .water’s motion, will be 
the force of the water upon the body E Now fuppofe 
.both orifices of the caijal to be doled, and the water in it 
to remain at reft ; the body F. ta move, lb that the parts 
of the water may pals by it with the lame degree of velocity, 
as they did before ; it is beyond contradiftion, that the pref- 
ITure of the water upon the body, that is, the refiftance 
if gives to its motion, will remain the lame j and there- 
forC will have little connexion with the figure of the body 


ay. By a method of reafoning drawn from the fame foun 
tain is determined the meafure of refiftance thefe comprefled 
fluids give to bodies, in reference to the proportion between 
the denfity of the body and that of the fluid. This lhall be 
explained particularly in my comment on Sir I s. New t on’s 
mathematical principles of natural philofophy ; but is not a 
proper fubjed to be infifted on farther in this place. 

^ 6 : W E have now gone through all the parts of this 
theory. There remains nothing more, but in few words to 
mdtition the experiments, which our author has made, both 

« Vi4. Pnoc.pUof.LibtU* Leia«X*P’ 3 H* I. ^ < Ibid, 7 .' 
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with bodies falling perpendicularly through wdier^ ,^pnd‘the 
•iWf and with pendulums*’: all which agree with the th^or^. 
In the cafe of falling bodies, die times of their fall determin- . 
ed by the thcoiy come out the fame, as by obfervatiOn, fo a 
furprizing exadlnels ; in the pendulums, the rod, by which 
die ball of the pendulum hi igs, fuffers rcfiftance as well as 
the ball, and the motion of ^e Ijall being rccippocal, it com- 
municates fuch a motion to the fluid, as increalcs the rclift- , 
ance; but the deviation from die theory is no more, than 
what may reafonably follow from t|iefc caufes. 

1.7. B Y this theory of the redftaucc of fluids, and thefc ex- 
periments, our author decides the queftion fo long agitated 
among natural philofophers, whether all fpace is abfolutcly 
full of matter. The Ariftotelians and Carteflans both aflefc 
this plenitude ; the Atomifts have maintained the contrary. 
Our author has chofc to determine this queftion by his theory 
i)f reflftance, as fliall be explained in the following chapter. 

* Kewt. Princ. Ub. Il.prop, 4.0. la fchol, [ ^ Lib. IL in fcj^ol. port prop. 3 r . 







